
V
o

l.29 N
o.1

N
U

T
S

 &
 V

O
LT

S
E

LE
C

T
R

O
N

IC
 M

IC
R

O
D

IC
E

  •
P

S
YC

H
E

D
E

LIA
 II  •

D
A

TA
LO

G
G

E
R

  •
LE

D
 S

T
R

O
B

E
Jan

u
ary 2008

Cover.qxd  12/5/2007  11:53 AM  Page 1

http://www.nutsvolts.com


Full Page.qxd  12/4/2007  4:26 PM  Page 2

http://netmedia.com
http://siteplayer.com


Full Page.qxd  12/4/2007  2:26 PM  Page 3

http://www.rabbitembedded.com


10 TECHKNOWLEDGEY
2008
Events, advances, and 
news from the electronics
world.

14 STAMP APPLICATIONS
The power of networking.

24 Q&A
Mailbox timer, dimming 
thermostat, batteries in
the woods, more.

67 GETTING STARTED
WITH PICs
PICKIT 2 command-line
option.

70 PERSONAL ROBOTICS
Robo Spin Art — retro 
art meets the joystick 
generation.

82 THE DESIGN CYCLE
Managing the real world.

90 NEAR SPACE
Using the PICAXE 
microcontroller — Part 2.

104 IN THE SPOTLIGHT
Jaycar Electronics.

Nuts & Volts (ISSN 1528-9885/CDN Pub Agree#40702530) is published monthly 
for $24.95 per year by T & L Publications, Inc., 430 Princeland Court, Corona, CA 92879.
PERIODICALS POSTAGE PAID AT CORONA, CA AND AT ADDITIONAL MAILING
OFFICES. POSTMASTER: Send address changes to Nuts & Volts, P.O. Box 15277,
North Hollywood, CA 91615 or Station A, P.O. Box 54, Windsor ON N9A 6J5;
cpcreturns@nutsvolts.com.

JANUARY 2008

4 January 2008

PROJECTS and
FEATURES

06 DEVELOPING 
PERSPECTIVES

08 READER FEEDBACK

28 NEW PRODUCTS

31 SHOWCASE

66 ELECTRO-NET

96 CLASSIFIEDS

98 NV WEBSTORE

101 TECH FORUM

105 AD INDEX

38

52

70

90

COLUMNS

DEPARTMENTS

32 BUILD A HIGH-POWER 
LED STROBE
Shed some new light on your 

next strobe circuit application.

■ By Fernando Garcia

38 MODIFICATION OF A 
SIX VOLT LITHONIA 
EMERGENCY LIGHT
Never be left in the dark again 

with this reliable circuit.

■ By Clifford Chipman

42 SINGLE CHIP, FOUR 
CHANNEL DATALOGGER
Use this inexpensive 

datalogger to sample analog 

voltages, convert them to 

digital values, and store the 

data in non-volatile memory.

■ By Dan Gravatt

46 ROLL THE DICE!
Create an electronic dice 

board with a low-cost 

microcontroller.

■ By Marc McComb

52 PSYCHEDELIA II
A digital upgrade to an already

cool analog color organ.

■ By Craig A. Lindley

60 BASIC ANALOG POWER 
SUPPLY DESIGN
Part 2: Examine the regulation 

aspect and concentrate on 

basic three-terminal regulators 

that are both cheap and easy 

to obtain.

■ By Gerard Fonte

TOC Jan08.qxd  12/5/2007  1:42 PM  Page 4

mailto:cpcreturns@nutsvolts.com
http://www.robospinart.com


Link Instruments
PC-Based Test Equipment

• 2 Channels
• 500 MSa/s single shot rate
• 1Mpt sample memory
• Small and Portable
• USB 2.0
• FFT Spectrum Analyzer

• 32 channels
• 400 MSa/s
• 2Msamples/ch
• SPI monitor and generator
• I2C monitor and generator
• Portable (3.2” x 3” x 0.65”)
• USB 2.0 powered

IO-3208A 200 MSa/s $750
IO-3232A200 MSa/s $899
IO-3232B 400 MSa/s $1399

Digital Oscilloscopes

DSO-8202 (200MSa,128K) $799
DSO-8502 (500MSa,1MPt) $950 $850

Logic Analyzers
Pattern Generators

www.Link-instruments.com
(973) 808-8990

Use code CC12
for an additional
$25 off*

Use code CC12
for an additional
$25 off*

$950
SALE
$850*

*Offer valid until 12/31/2007
Code valid on orders over $500
Limit one code per order
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Afundamental application of electronics is transformation —

from power supplies that transform AC to DC to micro-

processors that transform binary code to text, graphics, and

sound. While transformations at many levels may be critical to

the function of a device or application, it’s the high-level 

sensory transformations that hold the greatest potential to

change the world. I’m talking about the high-level transformation

of sensory experiences, illustrated at one level by Craig Lindley’s

article on a digital color organ in this issue.

Transforming sensory data from one form to another has

both entertainment and pragmatic value. For example, a color

organ that transforms sound amplitude and/or frequency to 

colors can serve as an entertainment device and as an aid to

configuring the graphic equalizer front-end of a stereo system.

More significantly, sensory transformation may be used to aug-

ment normal senses and to supplement damaged sense organs.

Consider the matrix of potential sensory transformation in Table

1 as an aid to exploring how sensory transformation can be applied

to correct a sensory deficient or to augment a person’s normal abil-

ities. The matrix is an over-simplification to the extent that each sense

may take on several variables or may be modulated. For example,

hearing may involve the perception of pitch, amplitude, and direc-

tion, and vision can encompass color, intensity, movement, and size.

A prominent feature of the transformation matrix is that it is

sparse — with a few prominent exceptions, sensory transforma-

tion is largely unexploited. There is the familiar light organ that

transforms sound to either fluctuations in LED bar graphs or

dynamic displays in Apple iTunes or Microsoft Media Player.

Computer-controlled haptics interfaces provide virtual screen

objects with realistic mass, elasticity, and momentum. Flight 

attitude indicators supplement a pilot’s vestibular system by

showing attitude and an artificial horizon. As suggested by the

matrix, useful transformations can be performed within a 

given sense, such as augmenting hearing by transforming high

frequency audio signals into signals within the normal range of

human hearing, or transforming infrared light to visible light.

One reason for the relatively few sensory transformations in

everyday use is the lack of appropriate sensors and transducers.

My latest focus in esoteric sensors is on the various light sensors

from Texas Advanced Opto-Electronic Solutions (TAOS,

www.taosinc.com) and Texas Instruments (www.ti.com), includ-

ing light-to-voltage and light-to-frequency chips and a variety of

color sensors. Light-to-frequency chips convert light intensity to

a microcontroller-compatible pulse train with a frequency 

proportional to light intensity. With a microprocessor on the 

sensor output, light intensity can be easily converted to sound,

color shift, smell, or pressure, given an appropriate transducer.

Another reason for the lack of sensory transformations is the

difficulty in determining what is practical and useful in everyday

life. One area of active research and development is medicine.

Consider a diabetic with the inability to detect pain in his feet

because of the loss of sensation (diabetic neuropathy). Because

of this loss of sensation, diabetics often neglect sores, cuts, and

bruises on their feet, resulting in infections and, in some cases,

gangrene. However, pressure sensors in the shoes or shoe inserts

of a diabetic could transform a sudden pressure gradient — ordi-

narily perceived as pain — into a prick or modest electric shock

on the leg, an audible alarm, a flashing light, or even an odor.

Study the matrix in Table 1, devise your own applications,

and then dive in with the appropriate sensors, transducers, and

microcontrollers. And don’t be constrained by the matrix — many

useful assistive devices add new senses. For example, a talking

compass or GPS provides direction and location information that

a normal person can’t determine from his innate senses.

If you’d like a ready source of inspiration, google “synesthesia.”

People with this condition experience sensations seemingly unrelat-

ed to the initial stimulus. For example, a particular sound may evoke

the visualization of a color — akin to a built-in light organ. NV

Table 1. Sensory Transformation Matrix showing
common transformations.
Vibration Pressure Hearing Vision
Pressure Sound

Localization
Proprioception Flight

Indicator
Balance Flight

Attitude
Indicator

Hearing Frequency        Light Organ
Shift

Taste
Smell
Vision Haptics Frequency Shift

(IR Camera)
Temperature IR Camera,

No-contact
Thermometer

Pain

Additional headers not listed at the top also include: Proprioception, Taste,
Smell, Temperature, and Pain.

DEVELOPING
PERSPECTIVES

by Bryan Bergeron, Editor
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EVERYTHING FOR ELECTRONICS

MIM’s THE WORD
Paul Verhage’s Near Space column

on an “LED Based Photometer” is a very

interesting balloon-based project. As Paul

explained in his column, LEDs can 

function as wavelength-selective photo-

diodes. They exhibit far less drift than 

silicon photodiodes that employ optical

interference filters to provide wavelength

tuning. A limitation of using LEDs, 

however, is that they are generally much

more temperature sensitive than silicon

photodiodes, as Paul discovered during

one of his near space missions.

It's possible to devise a correction

function for an LED photometer that 

relies on a thermistor or other tempera-

ture sensor installed very close to the

LED. While there are ways to do this

electronically, I prefer a straightforward

algorithm and a spreadsheet.

As for wavelength sensitivity of

LEDs, blue LEDs I’ve tested tend to 

respond best to a narrow spike at or near

376 nm and a wide shoulder extending

out to perhaps 450 nm. Typical green

LEDs respond at about 525 nm and 

typical red LEDs at 620 nm. The spec-

tral bandpass of green and red LEDs is

around 20-25 nm at the half power

points. All these numbers are closely 

related to the device chemistry.

I edit The Citizen Scientist (www.
sas.org/tcs) for the Society for Amateur

Scientists, and I just checked and found

that we have mentioned Nuts & Volts —

my favorite electronics magazine — only

seven times in recent years. Based on

Paul's columns and various other science

projects, it appears that we need to do

a better job of informing our readers

about the latest science-related Nuts &
Volts projects.

Forrest M. Mims III

NEW LIGHT ON
COMMUNICATIONS

I was delighted to see the Near

Space article by Paul Verhage on the LED

based photometer. It not only was a neat

solution to a problem that can be costly

to solve, but brought back memories and

connections with several items, and a 

famous innovator, from years ago. As a

former student in the early 1970s at 

Drexel University, I was pleased to see

the school mentioned as a place to go for

a sensing system design. That Forest Mims 

suggested it reminded me of another 

connection with this application, to wit:

I began experimenting with LEDs in the

very early 1970s.

At that time, I was an evening divi-

sion student at Drexel and in the daytime

experimented with light transmission 

using lenses and the new optical fiber

from G.E. that Poly Paks sold. I wanted to

send audio from my radio to another part

of the house to where I could listen 

without disturbing my sisters sleep with

laughter while listening to late night com-

edy. I eventually tried using an LED as a

receiver after getting poor results with

sending audio modulation to a photo-

transistor. The circuit worked but the 

cable could pick up light signals fron var-

ious sources (bare fiber). I decided to try

using FM modulation of an RF source and

the LED as a trasmitter. The generator was

of the NE560 family and the receiver an

NE561 I had tried for AM and short wave.

The low cost detectors didn’t have the

bandwidth to handle the signal I wanted

to use (455 kHz), but I knew from the LED

spec sheets they could easily do this. I

tried it and it worked, but I was not able

to use it. Oddly enough, I heard later that

Mr. Mims and Bell Labs had a patent 

fight over the use of LEDs as receivers in

optical systems of some kind.

Depending on your application, this

shift in how a part is used can be the

best solution to a problem. I have used

LEDs as narrow band sensors for some

time, from “mid” infra red through 

blue-violet, but only ocassionaly for 

communications. I should point out that

at least one company makes devices as

narrow band detectors in the near in-

frared to match their emitters via using

the same semicoductors. This requires

very good process control in practice.

Thank you for the excellent article(s).

Earl Bennett

Response: Thanks for the reply, I
appreciate it when readers comment

READER FEEDBACK

8 January 2008 Continued on page 97
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WORLD’S SMALLEST
RADIO PLAYS CLAPTON

If you think your iPod nano is com-
pact, consider a radio recently devel-

oped at the University of California,
Berkeley (www.berkeley.edu). Said to
be the smallest radio ever built, the
nanoradio, which presently operates 
as a receiver but could work as a 
transmitter as well, is a single carbon
nanotube that operates as a combined
antenna, tuner, amplifier, and AM/FM
demodulator. (A nanotube, by the way,
is a rolled sheet of interlocked carbon
atoms that form a tube that is extreme-
ly strong and also exhibits some 
peculiar electronic properties. This one
is about 10 nm in diameter and less
than 1 m long, making it about
1/10,000 as thick as a human hair.)

The operation is fairly straightfor-
ward. When radio waves strike the
nanotube, it begins to vibrate. You
then apply an electric field, which
forces electrons to be emitted from its
tip. This current is used to detect the
vibrations and thus turn the radio
waves back into sound.

In one of the early experiments,
team leader Alex Zettl, UC Berkeley 

professor of physics, and his team 
successfully transmitted such works as
“Layla” (Derek & the Dominos), “Good
Vibrations” (Beach Boys), and “Largo”
(from the Handel opera “Xerxes”) across
a room.

To see and hear for yourself, drop
into the Zettl group page at socrates.
berkeley.edu/~argon/nanoradio/rad
io.html. According to the prof, the
nanoradio may prove useful in a 
variety of applications “from cell phones
to microscopic devices that sense the
environment and relay information via
radio signals ... The nanotube radio may
lead to radical new applications, such
as radio-controlled devices small enough
to exist in a human’s bloodstream.”

NANOGENERATOR
DEMONSTRATED

The UC Berkeley device described
above is powered by a battery, but

perhaps its developers should take
note of the nanogenerator recently
revealed by researchers at the
University of Illinois (www.uillinois.
edu). Because even the smallest 
batteries are impractically large for
driving micro and nanoscale devices,
Prof. Min-Feng Yu has been working
on ways of harvesting power from
nanoscale mechanical energy.

Toward that end, he and some
grad students have created a
nanowire that generates a voltage
when mechanically deformed. The
nanowire is a single crystal of barium
titanate (a piezoelectric material used
in ceramic capacitors, microphones,
and other transducers), approximately
280 nm in diameter and 15 m long.

The wire was placed across a 3 m
gap on a test rig and exposed to
induced mechanical vibrations. The
result was an electrical energy output
of 0.3 attojoules (less than a qunitil-

lionth of a joule) per vibrational
cycle, which is very interesting.

However, just for perspec-
tive, to run a 100W lightbulb for
an hour, you would need about
3.6 x 1023 of them, so we’re not
talking hydroelectric dams here.
But with further development,
something useful may emerge.

FUEL CELL
BREAKTHROUGH

On a more immediately practi-
cal level is a breakthrough 

in fuel cell technology at the
University of Houston (www.uh.
edu). One of the biggest hurdles
in building economical fuel
cells to drive electric cars of the

TECHKNOWLEDGEY
EVENTS, ADVANCES, AND NEWS 20

08

■ BY JEFF ECKERT

ADVANCED TECHNOLOGY

■ Transmission electron microscope
image showing a carbon nanotube
radio protruding from an electrode
(“waves” added for effect).

■ Top: Schematic setup for piezo-
electric charge detection from
barium-titanate nanowire. Bottom:
Scanning electron microscope
image of the wire.

10 January 2008

PHOTO COURTESY OF ZETTL RESEARCH GROUP, LAWRENCE
BERKELEY NATIONAL LABORATORY, AND UNIVERSITY OF
CALIFORNIA AT BERKELEY.

PHOTO COURTESY OF UNIVERSITY OF ILLINOIS.
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future has been the cost of the
catalyst that facilitates the reaction
of hydrogen and oxygen. The most
common one is platinum, which in
November hit a high of about $1,500
per ounce. At that level, powering a
small (100 kW) vehicle would run
between $2,300 and $3,700 for just
the catalyst.

However, Professor Peter Strasser,
of UH’s Cullen College of Engineering,
has reportedly developed a low 
platinum alloy that produces four to six
times more reaction for the amount of
platinum it contains, thereby bringing
the cost down to a level that the auto
industry might find more palatable.

The biggest question now is how
durable the alloy will prove to be in
comparison to the unadulterated
metal. According to Strasser, “The 
initial results show that durability is
improved over pure platinum, but only
longer-term testing can tell.”

COMPUTERS AND
NETWORKING
3D MODELS FROM
INTERNET SNAPSHOTS

If you are one of the 10 million
members, you already know that

Flickr (www.flickr.com) is a photo
management and sharing site where
users post their favorite snapshots
and show them to the rest of the
world. Reportedly, it now holds
more than a billion images that

you can explore by keyword, location,
and other parameters, and you can
find plenty of anything. For example
a search on the keyword “warthog”
returned 11,327 results as of this
writing.

Now a group at the University of
Washington (www.washington.edu) is
making novel use of this resource to
create virtual 3D models of the
world’s famous landmarks, e.g., Notre
Dame Cathedral and the Statue 
of Liberty.

The first step is to download as
many as 60,000 photos with a common
tag, in this case “Statue of Liberty.” A
computer scans through them, keeping
images that are deemed useful and
dumping those that have obstructions
or are of low quality. A UW-developed
tool called Photo Tourism then
calculates where the photographer
was standing, interprets the different
views, and creates a 3D reconstruction
of the landmark.

The process takes a while; a 
reconstruction of St. Peter’s Basilica, 
using 151 photos taken by 50 different
photographers, took something less
than two hours. But the resulting 

enderings — although not quite
architecturally perfect — are 
pretty impressive.

Perhaps even more impres-
sive is the ultimate goal, as 
stated by Steve Seitz, a UW 
associate professor: “The long-
term vision is to be able to 
reconstruct the detailed geome-
try of all the structures on the 
surface of the Earth.”

To make sure all appropriate
architectural treasures are 
included, I’ll be uploading all my
snapshots of the Wot-a-Dog
restaurant in New Carlisle, OH,
which so far has been ignored.

STREAM PROCESSOR
INTRODUCED

The news on the hardware side 
is the FireStream 9170 stream

processor and its accompanying 
software developer kit from Advanced
Micro Devices (www.amd.com). The
chip, which should be available about
the time you read this, is designed to

apply the parallel processing power of
graphics processing units (GPUs) to
the high-performance computing
(HPC) market.

The 9170 is billed as the world’s
first stream GPU with double-
precision floating point capabilities,
which gears it up for scientific and
engineering calculations. It offers up
to 500 GFLOPS of computing power,
putting it in the low-end supercomput-
er category, and yet it consumes less
than 150W.

The MSRP is set at $1,999, which
should put machines that employ it
within the reach of anyone who needs
one. Watch for the 9170, coming to a
desktop near you.

THINKING ABOUT
WORKSTATIONS

On the system level, Lenovo
(www.lenovo.com) has intro-

duced its first new Think brand in five
years, consisting of the ThinkStation
S10 (single processor) and D10 (dual).
These are designed for improved 
performance and reliability in
demanding data and graphics-intense
environments such as CAD/CAE, oil
and gas exploration, design automa-
tion, and other fields.

They are based on the Quad-Core
Intel® Xeon® processor 5400 series
and Intel® Core™2 Extreme
processors, built on a new 45 nm
technology that offers nearly double
the transistor density to boost efficien-
cy and performance.

Lenovo is offering a variety of
storage, graphics adapters, memory,
and rail kits for the workstations,
which also come with a range of
ThinkVantage technologies including
Rescue and Recovery, Client Security
System, and Image Ultra Builder. The
machines are base priced at $1,199
and $1,799.

CIRCUITS
AND DEVICES
INNOVATIVE DC
MOTORS

For electromechanical designs
where miniaturization is a critical

January 2008                   11
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PHOTO BY WOLFGANG WEDENIG. VIRTUAL RECONSTRUCTION BY
MICHAEL GOESELE, TU DARMSTADT.

■ Left: Representative snapshot used in
the creation of (right) virtual 3D image.
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feature, Portescap (www.portescap.
com) has introduced the nuvoDisc™
family of flat, brushless DC motors.
The footprint is only 32 mm dia. by
11.7 mm length (or 11.8, if the 
diagram is correct), making them 
particularly well suited for tight spaces

such as in portable respirators and
barcode scanners. The high-speed,
slotless version is said to reduce
vibration and eliminate cogging for
smoother operation and better
accuracy.

A slotted design is also 
available for applications requiring
detent torque. With speeds of up
to 50,000 rpm and mechanical
power output of up to 30W (10
Nm of maximum continuous out-
put torque), nuvoDisc claims to
deliver the highest efficiency
among all miniature DC motors.
Prototypes are now available 
from regional sales offices or the

company website.

WIRELESS STEREO
HEADSET FOR MUSIC,
PHONE

Anew offering for people who are
concerned about “keeping your

sense of style and class — everywhere
you go” is the Iqua BHS-702
Bluetooth® Pendant wireless stereo
headset from Finland’s Iqua Ltd.
(www.iqua.com). Established in 2004
largely by former Nokia employees, its
stated mission is to “create state-of-
the-art design products that improve
the quality of life, enjoyment, and user
satisfaction.”

The BHS-702 features A2DP
(Advanced Audio Distribution Profile)
technology for wireless stereo listen-
ing, and it fades the music when a cell
call comes in and gives the wearer 
the option of answering the call or
ignoring it via a single pushbutton.

A two-hour charge will give you
nine hours of talk, seven hours or
music, and 150 hours standby time.
Early reviews were generally positive,

although it has been
noted that the pendant
configuration puts the
microphone too far 
from your mouth and
increases noise as the
device scrapes across
your clothing. But it is
trendy and colorful, so
not everyone will care.
You can pick one up
from the Iqua website
for 79 Euros (about
$116 at present).  NV

INDUSTRY AND
THE PROFESSION
FUTURE OF SCIENCE
OUTLOOK UPDATED

When it was published four years
ago, the US Department of

Energy’s Facilities for the Future of
Science: A 20-Year Outlook was the
first such forward-looking document
ever produced by a government 
science funding agency. It’s not light
reading, but it does at least demon-
strate that there is a method behind
the government’s madness, and it 
furnished an overview of 28 new and
upgraded scientific facilities that were
to be supported in a variety of fields
for two decades, including fusion 
energy, advanced scientific computa-
tion, materials science, biological 
and environmental science, and high
energy and nuclear physics.

The DoE has now published an
interim report that provides an update
of the status of the original 28 facilities.
According to Under Secretary for
Science Dr. Raymond L. Orbach, “Our

purpose [in the interim report] is to
give our citizens, legislators, and 
stakeholder communities a relatively
digestible summary of where our
Facilities Outlook stands today and a
flavor for the continual careful effort of
analysis, evaluation, and internal and
external review that goes into our facil-
ities planning and decision-making.”

The best part is that you can get a
copy of both the original and interim
documents for free. As one might
expect when dealing with the govern-
ment, direct links to the documents are
either well hidden or nonexistent on
the DoD website, and the actual URL is
virtually impossible to type. But never
fear. You now can just
log onto jkeckert.com/
future.html and drop
them onto your hard
drive. (The “Layla”
video mentioned in 
the nanoradio section
is there, as well.)

12 January 2008

■ Diagram of a nuvoDisc flat, brushless
motor.

■The Iqua BHS-702 pendant.

■The DoE’s “Facilities for
the Future of Science,”
now updated.
PHOTO COURTESY OF US DEPARTMENT
OF ENERGY.

PHOTO COURTESY OF IQUA, LTD.
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For full job descriptions for these and other positions available, please visit our website at www.ga-asi.com.  U.S. Citizenship or Permanent Residence
status required. Positions may be subject to a Government security investigation and must meet eligibility requirements for access to classified information. 

Fax resume to: GA-ASI
San Diego Facilities Fax: (858) 525-6585 

Palmdale Facility Fax: (661) 789-5686
Adelanto Facility Fax: (760) 530-2501

REFERENCE LOCATION AND JOB TITLE ON YOUR RESUME.

General Atomics Aeronautical Systems, Inc. the world leader in developing and producing remotely piloted aircraft, including the combat proven
Predator series for the U.S. Military and Department of Homeland Security, and producer of tactical reconnaissance radar systems, is in search of 
exceptional candidates in the engineering, program management, manufacturing and flight operations disciplines, for positions available in Palmdale,
Adelanto & San Diego. 

FLIGHT OPERATIONS FACILITY
(PALMDALE, CA)
• A&P Specialists
• Avionics/Electronics Technicians
• Flight Operations Manager
• Ground Training Supervisors
• Aircraft Maintenance Coordinator 
• Payload Operator
• Operations Leader (Aircrew Supervisor)
• Standardization/Evaluations Supervisor
• Training Coordinator
• UAV Pilots

R&D FACILITY (ADELANTO, CA)
• Composite Technicians
• Mechanical Engineers
• Project Engineers
• Stress Engineers
• Stress Engineering Supervisors

AIRCRAFT SYSTEMS GROUP
(SAN DIEGO, CA)
• Aerodynamics & Performance Engineers
• Composite Technicians (Assembly)

(1st & 2nd Shift)
• Composite Technicians (Lamination)

(1st & 2nd Shift)
• Composite Toolmakers
• Configuration Management Specialists
• Contract Administrators
• Designers (Electrical)
• Drafter/Designers
• Engineering Designers (General)
• Engineering Designers (Propulsion)
• Engineering Designers (Structural Design)
• Engineers (Electrical Test)
• Field Engineer Leads
• Flight Control Engineers
• Flight Technologies Department Heads
• Human Factors Engineers
• Manufacturing Engineers (1st & 2nd Shift)

• Mechanical Engineers 
• Payload Integration Engineers
• Production Assembly Supervisors
• Program Managers
• Project Engineers 
• Project Managers (Production Control)
• Reliability Engineers
• Software Configuration Engineers
• Software Developers
• Structural Design Engineers
• Systems Engineers
• Technical Writers
• Machinists
• Fabricators

RECONNAISSANCE SYSTEMS
GROUP (SAN DIEGO, CA)
• Quality Engineers
• Electrical Engineers
• Hardware Engineering Manager
• Planners

Equal Opportunity Employer.
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About three or four times a month, Peter and I meet at
one of our favorite restaurants in downtown Burbank,

CA, just a stone’s throw from the Warner Brothers and
Disney lots. The food is great, the service is great, and they
never seem to mind that we will stay at the table long past
the pasta, mostly talking about electronics. We usually have
a little show-and-tell for each other, sharing current projects
and exchanging ideas. The meetings are always education-
al and, for me, it’s the best way to “do lunch” in Hollywood.

Peter has been incredibly generous with his knowledge,
particularly on a subject that I’ve been slow to approach:
microcontroller networking. Sure, I’ve done very simple
stuff, but having spent that last two Halloweens at Peter’s
home watching (with hundreds of others) his incredible 
animatronics display, I am pushing myself to jump in and
give “real” microcontroller networking a go. Lucky for me, I
have the benefit of Peter’s experience on this topic, as he’s
spent the last several years developing and improving his
networked animatronics control system.

Several years back, Peter set out to design a very 
flexible, fully modular animatronics control system that he
could manage from a simple PC. Well, having seen it in
action, I can tell you that he succeeded, and you can see for
yourself by visiting his website at www.socalhalloween.
com. His system runs on an RS-485 network with several
types of network nodes; the most sophisticated being the

animation controller that is able to receive an animation
frame while playing another (the servo control output of the
animation controller uses an SX28).

My goals are somewhat less sophisticated than Peter’s,
though I’ve had them for quite some time. While I was living
in Texas, I read about a man who built an enormous custom
home; its size was somewhere on the order of 20,000
square feet. When he consulted the utilities companies, they
estimated that his monthly heating and air conditioning
expenses would be around $4,000. He figured for that
much money he could create a custom home management
system and when he did, his energy bills were reduced to
under $400 per month. Along the way, he discovered that a
lot of “energy efficient” appliances were not performing to
their stated specifications and he forced some manufactur-
ers to restate their specs or fix the products.

Today, the concept of “going green” is very popular,
and it should be — a penny saved is a penny earned, 
especially when it’s precious energy. So my system is going
to be very straightforward with the ultimate goal to monitor
and control my home from a simple PC; making it “smart”
and, if I do it well, energy efficient.

As this is the beginning of what I expect to be a long
journey, I’m borrowing another one of Peter’s good ideas:
I’m creating a prototyping system for an SX-based network
node. What this means is that my generic network node

THE POWER OF NETWORKING

STAMPAPPLICATIONS
■ BY JON WILLIAMS

PUTTING THE SPOTLIGHT ON BASIC STAMP PROJECTS, HINTS & TIPS

14 January 2008

FOR AN ACTOR ATTEMPTING TO MAKE HIS WAY in Hollywood, the word 
“networking” takes on a whole host of meanings. It’s a crazy business, really,
and what most of us find is that those with the same goals, e.g., becoming
an established actor, are not abundantly helpful to each other (a few are
downright malicious). So, “networking” — actor to actor, that is — is mostly
bupkis in my book. Now, I do have a “Hollywood” network, but the only actors
in it are very well established, if not particularly well known. Most of my
friends in the business do other things: make-up, special FX, etc., and the
person that I network with most is a guy named Peter who, like me, is one of
those techo-artistic types. Peter directs TV commercials, has worked for a
major studio directing a TV series and doing special effects, and oh, by the way,
just happens to be a fantastic electronics engineer who uses the SX in many
of his projects. He even maintains the SX-Key IDE for Parallax — how could we
not get along?!
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PCB will have a processor and the RS-485 
interface, and a small breadboarding area to
add custom circuitry as needed for a given
node. Let’s have a look at the hardware.

Figure 1 shows the SX28 processor and 
RS-485 interface (MAX489 or equivalent). As
you can see, it is, in fact, very generic. The
design uses port RA for communications and
ports RB and RC for I/O that is specific to the
node. For the purposes of the rest of this article,
my node is going to be a 10-segment LED 
display. I’m starting with simple hardware so
that I can get my head around the requirements
of managing network messages.

The node has dedicated RX and TX pins for
the RS-485 link, so we can tie the MAX489
Receive Enable (/RE) pin to ground; that way,
the SX will always be “listening.” On the other
side, however, we will want to selectively 
activate the Data Enable (DE) pin so that 
RS-485 output from the node is active only
when transmitting.

Figure 2 shows the power supply and 
RS-485 connections. Using RJ-45 jacks allows
us to transmit full-duplex data on inexpensive
CAT-5 cables. We can even put power on the
cable to handle low-current nodes. When 
taking power from the CAT-5 cable, jumpers
JP1 and JP2 should be installed. Otherwise,
they should be removed. If using local power,
you must remove JP1 — please be careful with this.

Jumpers JP3 and JP4 enable the line terminators. If a
node is the last on the “receive” end, then JP3 should be
installed, otherwise removed. If the node is the first on the
“transmitting” end, that is, this node is the “master,” then
JP4 should be installed. I’m using a PC as my master node
but there’s no reason we can’t have a network of SX-only
nodes, with one being assigned as the master controller.

Okay, the hardware is very simple, and that’s by design
as this is a prototyping system. One problem I did run into
is the hole-count limitation when using ExpressPCB’s mini
board service. After getting my components laid out, I just
filled as much [logical] space as possible with standard
pads. As I went to order boards, I got a dialog that informed
me I had too many holes for a mini board — so keep this in
mind when you’re prototyping with ExpressPCB.

Since most of my projects involve the SX, I’ve become
very comfortable with “virtual peripherals” and have 
created several code modules that I plug in as needed. A
couple modules that get a lot of use in what I do are the
buffered receive and transmit UARTs; these modules allow
us to receive and transmit serial data in “the background”
while our foreground code is doing other things. The
receive UART for this project is a buffered version of what
we used in the lighting controller we did last November.
This project uses the complimentary transmit UART that has
a little addition to manage the MAX489 DE pin. Let’s look
at the modifications for controlling the MAX489.

Transmit:
ASM

BANK  txSerial
CLRB  txDivide.BaudBit
INC   txDivide
JNB   txDivide.BaudBit, TX_Exit
TEST  txCount
JZ    TX_Buffer
STC
RR    txHi
RR    txLo
MOVB  TX, txLo.6
DEC   txCount
JMP   TX_Done

TX_Buffer:
TEST  txBufCnt
JZ    TX_Exit
SETB  TxEnable
MOV   W, #txBuf
ADD   W, txTail
MOV   FSR, W
MOV   txHi, IND
CLR   txLo
MOV   txCount, #11
INC   txTail
CLRB  txTail.3 
DEC   txBufCnt
JMP   TX_Done

TX_Exit:
JNB   TxEnable, TX_Done
CJA   txBufCnt, #0, TX_Done
CJA   txCount, #0, TX_Done
CLRB  TxEnable

TX_Done:
BANK  0  ENDASM

S T A M P  A P P L I C A T I O N S
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■ FIGURE 1. SX-Net processor
and RS-485 interface.
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One of the great aspects of SX/B is the ability to easily
fold assembly code segments into a BASIC program — that’s
what I did here; the UART code is really a modification of
that found in Günther Daubachs’ excellent book,
Programming the SX Microcontroller. I modified the 
buffering to work within the same RAM bank as the other
transmit variables and, for this project, included control of
the MAX489.

In the section at TX_Buffer, the DE pin (called TxEnable
in the program) is taken high with SETB when a byte is
about to be moved from the transmit ring buffer into the
transmitter output (txHi). Since this byte won’t start going
out until the next interrupt, there is plenty of time for the DE
pin to stabilize. The DE pin will stay high until the transmit
buffer is empty (txBufCnt is 0) and there are no more bits to
be transmitted (txCount is 0).

Okay, now that we can receive and transmit bytes in
the background, it’s time to talk protocol. The neat part
about this is we get to make it up, which, in fact, turns out
to be the tough part too; sometimes it’s just easier to work
from an established specification. In my case, I borrowed
quite a lot from Peter’s protocol, making a few changes that
simplify the system and tie into my long-term goals.

The protocol is, essentially, peer-to-peer, so any node
can talk to any other node. This opens the door to all kinds

of interesting possibilities. The “sender” node will transmit
a four-byte header that is followed by a data packet if
required for the specific message. The entire transmission
is configured as follows:

Receiver Receiver node (1 to 127) + $80
– to designate start of header

Sender Node sending the packet (1 to 127)
Message Request or Command Message
Packet Size Number of bytes in data packet (0 to n)
Data Bytes Data used by Message (optional)

The minimum transmission size will be four bytes (the
header): the receiver, the sender, the message, and a zero
when there are no data bytes. The receiver address will
have BIT7 set to designate the start of a new header —
the MIDI protocol uses this strategy and we’re going to
borrow from it.

The node we’re going to create will be a simple I/O
slave that will respond to (valid) commands and requests
from another node. We’ll use a VB program to send the
messages from a PC. Since the node is a slave, it waits 
for bytes to show up in the receive buffer and then
processes them accordingly. The first part handles the
basic message header.

Main:
rxNode = RX_BYTE
IF rxNode.7 = 0 THEN Main

Validate_Start:
rxNode.7 = 0
IF rxNode = GLOBAL_NODE THEN Get_Sender_Node
IF rxNode <> MY_NODE THEN Main 

Get_Sender_Node:
txNode = RX_BYTE
IF txNode.7 = 1 THEN 

rxNode = txNode 
GOTO Validate_Start

ENDIF

Validate_Global_Sender:
IF rxNode = GLOBAL_NODE THEN 

IF txNode <> MASTER_NODE THEN Main
ENDIF

Get_Message:
msgNum = RX_BYTE
IF msgNum.7 = 1 THEN

rxNode = msgNum
GOTO Validate_Start

ENDIF

Get_Packet_Length:
packLen = RX_BYTE
IF packLen.7 = 1 THEN

rxNode = packLen
GOTO Validate_Start

ENDIF

When a byte comes in, we need to check to see if BIT7
is set as this indicates the start of the header. When we get
such a byte, BIT7 is cleared and we pull the next byte from
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■ FIGURE 2. SX-Net power
and RS-485 connections.
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the input buffer — this is the sender node. If the receive
node was designated as global (address 0), the program
ensures that the sender was the master; in my system only
the master node is allowed to send global commands.
Finally, the message number and packet length bytes are
pulled from the stream.

Since it is possible for a transmission to be interrupted
and then restarted, we must test every byte that comes in
for BIT7 being set. By doing this check, we can always 
re-sync the node with the start of a new header.

If the command or request includes data, the packet
length byte will be one or greater. I don’t expect to have
long packets in my home control system so the buffers are
fairly small. Here’s how we receive any data bytes.

RX_Raw_Packet:
idx = 0
DO WHILE idx < packLen

tmpB1 = RX_BYTE
IF tmpB1.7 = 1 THEN

rxNode = tmpB1
GOTO Validate_Start

ELSE
fifo(idx) = tmpB1
INC idx

ENDIF
LOOP

As above, each new byte is checked to ensure it’s not
a header start byte; if not, it gets moved into a temporary
array called fifo().

I know what you’re thinking: “If we can’t use BIT7, how
do we transmit values greater than 127?”  We’re going to
borrow another strategy from MIDI and use two bytes: The
first byte will contain the lower seven bits of the eight-byte
value and the second byte will hold BIT7. Remember, we
don’t always need all eight bits for a given command, so we
only use this scheme when an eight-bit value is required.

After receiving the packet and any data bytes, we will
use a simple routing section to process the incoming 
transmission. By doing this, we end up simplifying the 
message handlers.

Route_Message:
IF msgNum = QRY_REQ THEN Unit_Acknowledge
IF msgNum = DEV_RST THEN Device_Reset
IF msgNum = SET_BIT THEN Set_One_Bit
IF msgNum = GET_BIT THEN Get_One_Bit
IF msgNum = WR_PORT THEN Write_Port
IF msgNum = RD_PORT THEN Read_Port

‘ if we get here, message is not used by this node

Bad_Message:
msgNum = MSG_NAK
packLen = 0
GOTO Unit_Reply

No mystery here: If the message is known to be used by
this node, then the program is routed to the appropriate han-
dler, otherwise the response MSG_NAK is returned to the
sender. Since we’re now dealing with messages, let’s have a

look at what’s defined and explain the logic behind them.

QRY_REQ CON     $01
QRY_ACK CON     $02
MSG_ACK CON     $03
MSG_NAK CON     $04
MSG_FAIL CON     $05
DEV_RST CON     $0F

SET_BIT CON     $10
GET_BIT CON     $11
GET_BIT_ACK CON     $12

WR_PORT CON     $20
RD_PORT CON     $21
RD_PORT_ACK CON     $22

WR_CHAN CON     $30
RD_CHAN CON     $31
RD_CHAN_ACK CON     $32

The first message, QRY_REQ, is used by the sender to
“ping” the receiver; if the receiver is present then it
responds with QRY_ACK. The next four messages are used
to respond to commands or requests for data from the
receiver. If node is able to complete a request and there is
no data to be returned, then it will respond with MSG_ACK.
If the message sent isn’t used by the node, then the
response is MSG_NAK. If a valid message is sent with bad
data (e.g., a bad port number), then the response will be
MSG_FAIL. The final message in this lower group,
DEV_RST, will usually be issued by the master to tell a node
to reset itself.

For a simple I/O node, I’ve defined three sets of com-
mands: one for bit-level control, one for port-level control,
and a third for setting values (called channels) within the
program space. The set and write commands will respond
with MSG_ACK, MSG_NAK, or MSG_FAIL as appropriate.
The get and read commands have dedicated responses for
the return data; the logic being this aids the “sender” side
of the exchange when a lot of packets are flying around.

Let’s have a look at a few of the handlers.

Unit_Acknowledge:
msgNum = QRY_ACK
packLen = 0
GOTO Unit_Reply

The Unit_Acknowledge handler is the simplest: it
sets the message to QRY_ACK, the return packet length to
zero, and then sends the reply. The reason for this process
is to allow a master to poll all the expected slave devices
to ensure that they’re actually online; there is no reason
for sending command messages to a node that is not
connected.

Now for something a little more interesting. We’ll
accept a level for one of the I/O pins on the node. I 
happened to find a 10-segment bar-graph LED in my junk
drawer so I soldered that onto the PCB.  With just 10 LEDs
on the node, the handler will only accept bit numbers
between 0 (on RB.0) and 9 (on RC.1) — if you use more 
outputs, be sure to adjust the code accordingly.

S T A M P  A P P L I C A T I O N S
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Set_One_Bit:
tmpB1 = fifo(0)
tmpB2 = fifo(1)

IF tmpB1 < 10 THEN
IF tmpB1 < 8 THEN

tmpB1 = 1 << tmpB1
IF tmpB2.0 = 1 THEN

RB = RB | tmpB1
ELSE

tmpB1 = ~tmpB1
RB = RB & tmpB1

ENDIF
ELSE

tmpB1 = tmpB1 - 8
tmpB1 = 1 << tmpB1
IF tmpB2.0 = 1 THEN

RC = RC | tmpB1
ELSE

tmpB1 = ~tmpB1
RC = RC & tmpB1

ENDIF
ENDIF
msgNum = MSG_ACK 
packLen = 0

ELSE
msgNum = MSG_FAIL
packLen = 0

ENDIF
GOTO Unit_Reply

The Set_One_Bit handler pulls the bit number and bit
level from the fifo() array. This message doesn’t use
“stuffed” data bytes as the 127 limit exceeds the pin count
on the SX48. Now, if you want to add shift-registers so that
there are more than 128 discrete outputs on the node, 
then you’ll need to modify this handler to accommodate
the expansion.

The first test is of the bit number. Assuming it’s valid for
the node, the program determines which I/O port (RB or
RC) holds that bit. A mask is created and if BIT0 of the spec-
ified level is one, the mask is ORed with the control port
which makes the I/O pin go high. If BIT0 of the specified
level is zero, the mask is inverted and then ANDed with the
control port which makes the I/O pin go low. The node will
return MSG_ACK after the bit is manipulated — unless the
bit number was bad — then it will return MSG_FAIL.

The WR_PORT and RD_PORT message deal with
eight-byte values, so let’s see how we receive and return
them using the seven-bit container bytes in the packet.

Write_Port:
tmpB1 = fifo(0)

IF tmpB1 < 2 THEN
tmpB2 = PACKW_TO_VAL fifo(1), fifo(2)
IF tmpB1 = 0 THEN

RB = tmpB2
ELSE

RC = tmpB2 & %00000011
ENDIF
msgNum = MSG_ACK
packLen = 0

ELSE
msgNum = MSG_FAIL
packLen = 0

ENDIF
GOTO Unit_Reply

The WR_PORT message requires three data bytes: the
port number and two (seven-bit) bytes that make up the
eight-bit value for the specified port. The first check, of
course, is the port number. On my little I/O node RB is
defined as port 0 and RC as port 1. If the specified port
number is greater than one, then we will abort with a
MSG_FAIL response.

When the port number is valid, then we’ll use fifo(1)
and fifo(2) to reconstruct the eight-bit value with
PACKW_TO_VAL. This function expects two seven-bit
values passed LSB, then MSB, and will return a properly
reconstructed word. In our program, we’ll only be using
he low byte of the returned word, but you can reuse
this code in a MIDI application as it will properly handle
14-bit values.

FUNC PACKW_TO_VAL
tmpW1 = __WPARAM12
tmpW1_LSB = tmpW1_LSB << 1
tmpW1 = tmpW1 >> 1
RETURN tmpW1
ENDFUNC

Reconstructing a clean, 14-bit value from two seven-bit
values is pretty easy. We move the bytes into tmpW1 and
then shift the lower byte left by one to close the gap at
BIT7. Now we can shift the entire word right by one to 
re-align everything to BIT0. That’s it; the 14-bit value is
reconstructed and can be returned to the caller.

The Write_Port handler will route the reconstructed
byte to the appropriate port based on the contents of
fifo(0). Since I’m only using two bits on RC, the value is
masked before it’s written to that port.

The Read_Port handler allows us to read the state of a
port on the SX. The sender will pass the port number and
expects to get three data bytes back: the port number and
two seven-bit bytes that will be reconstructed into a single
eight-bit port value.

Read_Port:
tmpB1 = fifo(0)

IF tmpB1 < 2 THEN 
IF tmpB1 = 0 THEN

tmpB2 = RB
ELSE

tmpB2 = RC & %00000011
ENDIF
tmpW1 = VAL_TO_PACKW tmpB2
msgNum = RD_PORT_ACK
packLen = 3
fifo(1) = tmpW1_LSB
fifo(2) = tmpW1_MSB

ELSE
msgNum = MSG_FAIL
packLen = 3
fifo(1) = 0
fifo(2) = 0

ENDIF
GOTO Unit_Reply

This routine uses the VAL_TO_PACKW function to split
the byte value into two seven-bit containers. To keep things
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simple, we’ll use a word variable to receive the return value
from VAL_TO_PACKW.

FUNC VAL_TO_PACKW
IF __PARAMCNT = 1 THEN

tmpW1 = __PARAM1
ELSE

tmpW1 = __WPARAM12
ENDIF

tmpW1 = tmpW1 << 1
tmpW1_LSB = tmpW1_LSB >> 1
tmpW1_MSB = tmpW1_MSB & $7F
RETURN tmpW1
ENDFUNC

This function is set up to accommodate bytes or words
so that we can also use it in future MIDI applications. The
value to split is moved into tmpW1 and then shifted left.
This moves BIT7 of the lower byte into BIT0 of the upper.
The next step is to shift the lower byte right by one to re-
align its BIT0; BIT7 of the low byte will now be 0 as required
by the protocol. The final step is to ensure that BIT7 of the
high byte is clear before returning the new value.

We will move the low byte of the return value to fifo(1)
and the high byte to fifo(2) – fifo(0) already holds the port
number so we don’t have to change that. The message is
set to RD_PORT_ACK, the packet length to three, and then
we send the response.

While chatting with Peter about networking, he told me
— and he was — that designing these kinds of projects can
turn into a bit of a chicken-and-egg dilemma. Testing a node
requires another node, and writing the code for that requires
specifications on both ends. Case in point is when I was
sending a bad port number from my PC node; the slave
node originally sent a MSG_FAIL packet (just four bytes), but
my PC node was expecting success and waiting for seven.
To keep things easy — and easy is usually best — the slave
node will always have a three-byte packet for RD_PORT,
even if the return message is MSG_FAIL. The port number is
maintained so the master node can deal with it, and the
incoming transmission processing is simplified by assigning
an expected return message length to each command.

You’ve probably noticed that all message handlers
jump to a routine called Unit_Reply. Here it is:

Unit_Reply:
IF rxNode = MY_NODE THEN

rxNode = txNode | $80 
TX_BYTE rxNode
TX_BYTE MY_NODE
TX_BYTE msgNum
TX_BYTE packLen
idx = 0
DO WHILE idx < packLen

TX_BYTE fifo(idx)
INC idx

LOOP
ENDIF
GOTO Main

The only time a node will send a response is when the

node is individually addressed. A node could, for example,
send a message to the global address of 0 that all nodes
react to; in this case, there will be no responses from the
nodes as they would likely end up stomping on each other
and the messages would be trashed. You can see that
Unit_Reply takes the sender node address and turns it into
the header start byte by setting BIT7.

Okay, now we have the makings of a reasonably
sophisticated control network using the SX, and can do all
kinds of cool things with it. Figure 3 shows my first proto-
type node along with a port-powered RS-485 interface, and
Figure 4 shows the VB test node for experimenting with
messages (the compiled program and source code is 
included in the download files for the article). In the Query
frame, you can see four primary values; these comprise the
message header. The middle row of inputs allows for
uncompressed data. The lower row of [red] boxes shows
the actual packet bytes transmitted to the receiver node.
The Response frame is similarly constructed, except that the
middle line holds seven-bit “packed” values and the lower
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■ FIGURE 3.
SX-Net bench test.

■ FIGURE 4. SX-Net test panel.
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[green] boxes hold the reconstructed bytes.

THE BIG SQUEEZE
At some point, you will probably want to create a node

that requires more than one eight-bit value for a message and
you don’t want to use two bytes for each. Peter came up with
a neat compression solution for his network and I’ve created
it so I can use it. Have a look at Figure 5 to see how Peter
compresses several eight-bit values into seven-bit containers.

Since we will typically manipulate blocks of values, I
created a subroutine called UNSQUEEZE that will take two
bytes from an input buffer and move them into a single byte
of an output buffer. To use this routine, we will pass a
pointer to the start of the input buffer, an offset for the
desired value, and a pointer to the start of the output buffer.

SUB UNSQUEEZE
src = __PARAM1
offset = __PARAM2
dest = __PARAM3

src = src + offset
dest = dest + offset
dByte = __RAM(src)
dByte = dByte >> offset
INC src
dbMSB = __RAM(src)
offset = 7 - offset
dbMSB = dbMSB << offset
dByte = dByte | dbMSB
__RAM(dest) = dByte
ENDSUB

The actual source and destination addresses are incre-
mented by the offset to get to the LSB of the target byte. By

doing this math in the subroutine, we simplify the interface
to it — we don’t have to remember the @ (address of) opera-
tor with the array name; we just use the name on its own.
The low bits of the output byte are retrieved using the
__RAM() array and shifted right by the offset to re-align BIT0.
The source address is then incremented to get to the upper
bits. This value is shifted left to move the bits to the correct
position and then the two bytes are ORed together to recon-
struct the eight-bit value. Finally, the __RAM() array is used to
move the reconstituted value to the desired output address.

The compliment of UNSQUEEZE is — no big surprise —
SQUEEZE; we can use this to create a compressed packet
to send to another node.

SUB SQUEEZE
src = __PARAM1
offset = __PARAM2
dest = __PARAM3

src = src + offset
dest = dest + offset
dByte = __RAM(src)
dbCopy = dByte
destVal = __RAM(dest)
dByte = dByte << offset
dByte = dByte & $7F
destVal = destVal | dByte
__RAM(dest) = destVal
INC dest
offset = 7 - offset
destVal = dbCopy >> offset
__RAM(dest) = destVal
ENDSUB

With SQUEEZE, the eight-bit value will be split based on its
position in the output array, with the lower half ORed into the
output array so that any previous values there are not disturbed.
Let me suggest that the FILL subroutine be used to clear the
output array before looping through the input array — in order
— to create the compressed packet. It’s a little bit of code, but
now we can send seven full bytes using eight instead of 14, and
this can be important if we have a lot of network traffic.

Okay, I think we should probably wrap it up right here.
Order your boards, build a simple node, and start 
experimenting.  I’d love to hear your ideas on home control,
especially those ideas that allow us to conserve energy.

Until next time, Happy Networking with the SX!  NV

20 January 2008

■ FIGURE 5. Byte packing.

Item Description Part No.
◗ C1, C2 47 μF 647-UVR1V470MDD
◗ C3, C4 0.1 μF 80-C315C104M5U
◗ D1 LED 859-LTL-4222N
◗ J1 2.1 mm barrel 806-KLDX-0202-A
◗ J2-J3 RJ-45 R/A 571-5202514
◗ J4 Machine pin 506-510-AG91D
◗ JP1-JP4 Pin strip header 517-6111TG
◗ Jumpers 0.1” shunt 538-15-29-1024
◗ PB1 N.O. button 612-TL59F160Q
◗ PCB ExpressPCB.com
◗ R1 1K 299-1K-RC
◗ R2-R4 10K 299-10K-RC
◗ R5 100 1/2W 293-100-RC
◗ R6-R7 120Ω 291-120-RC
◗ RES1 20 MHz Parallax 250-02060
◗ S1 28-pin DIP 571-1-390261-9
◗ S2 14-pin DIP 571-1-390261-3
◗ SW1 Slide switch 506-SSA12
◗ U1 SX28AC/DP Parallax SX28AC/DP
◗ U2 MAX489 837-ISL8489IP
◗ VR1 LF50CP 511-LF50CP
◗ X1 R/A header 517-5111TG

Note: All part numbers are from Mouser unless otherwise
noted.

◗ PARTS LIST

RESOURCES
JON WILLIAMS

jwilliams@efx-tek.com

PARALLAX, INC.
www.parallax.com
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USB Experimenters Kit

Learn how USB works!
Get hands-on experience devel-
oping USB interfaces!  5 digital
inputs, 8 digital outputs, 2 analog
I/O’s!  Includes diagnostic soft-
ware and DLL for use with
Windows based systems.  The
mystery is solved with this kit!

K8055 USB Exp. Kit      49.95

ECG Heart Monitor

20W SubMini Audio Amp

Doppler Direction Finder

Plasma Generator

Digital Voice Storage

Touch-Tone Reader

Personal Guitar Amp

HV Ion Generator

Speed Radar Gun

Signal Magnet Antenna

Check your own heart!
Provides a visible and audible dis-
play of your heart rhythm!
Variable gain, bright “beat” LED,
and monitor output for display on
your scope.  Just like the lab!  Re-
usable sensors are included.
Runs on a safe 9VDC battery.

ECG1C    ECG/EKG Kit        44.95

20 watts and no heat!
Delivers a super clean 20W out-
put from one SMT package!  Ultra
efficient class D design produces
no heat.  PCB can be snapped
into a small circle for special
applications.  Runs on 18VDC for
rated output, use our SPS18 PS.

UAM2   20W SMT Amp Kit 34.95

Find that transmitter quick!
Track down jammers and hidden
transmitters with ease!  22.5
degree bearing indicator with
adjustable damping, phase inver-
sion, scan and more.  Includes 5
piece antenna kit.  Runs on
12VDC vehicle or battery power.

DDF1    Dir. Finder Kit      169.95

Super bright LED’s!
The fragile glass Xenon tube is
gone, replaced with high intensity
LED’s!  Variable flash rate and
built-in audio trigger input to sync
to your audio.  Additional display
boards also available.  Runs on
12VDC or use our AC125 PS.

LEDS1C    LED Strobe Kit   44.95

Generate 2” sparks!
Produces a stunning and shocking
25kV at 20kHz from a solid state
circuit!  Build your own plasma
bulbs, light fluorescent tubes
without wires and more!  A great
learning kit.  Runs on 16VAC,
order our PS21 power supply.

PG13    Plasma Gen Kit      64.95

Multiple message storage!
The Bullshooter-II provides up to
8 minutes of digital voice storage
that can be broken down into 8
separate stored messages!  Great
for announcements, etc.  Built-in
mic plus external input.  Runs on
12VDC or our AC125 PS.

BS2C    Bullshooter-II Kit   69.95

Read the number dialed!
The Tone Grabber captures dialed
phone numbers, repeater codes,
control codes, or anything that
uses touch-tone signaling.  Flash
micro stores 640 digits!  Phone
line and audio inputs.  Runs on
12VDC or our AC125 PS.

TG2C    Tone Grabber Kit    69.95

Brand new, popular choice!
The new PGA1 allows you to
practice both your regular and
bass guitars in peace!  Also works
as a great DI to feed your home
stereo amplifier!  CD/MP3 input
allows you to play to your favorite
music. Includes case shown!

PGA1    Guitar Amp Kit      64.95

Make a blast of fresh air!
Generates a steady state DC volt-
age at constant non-pulsed cur-
rent at 7.5kV DC negative, 400uA.
That’s a LOT of ions!  Learn how
modern spacecraft use ions to
accelerate through space.  Runs
on 12VDC or our AC125 PS.

IG7    Ion Gen Kit              64.95

Now YOU can be the cop!
Our famous Speedy radar gun
teaches you doppler effect the
fun way!  Digital readout displays
in MPH, KPH, or FPS.  1/8th mile
range is typical.  You supply two
coffee cans!  Runs on 12VDC or
our AC125 power supply.

SG7    Speedy Radar Kit     59.95

Pulls in distant stations!
Super Hi-Q ferrite rod antenna
with Faraday shield eliminates
noise from power lines, dimmers,
static and more!  Great results
from 500kHz to 15MHz.  Super
for AM broadcast band!  Includes
power supply.

SM100    Sig Magnet Kit    89.95

High Power LED Strobe

Visit www.ramseykits.com
Free Giveaways and ALL the
information you ever needed!

Did You Know... ✔ It’s impossible to give you full specs on these products
in a 1” space!

✔ A lot of our kits are also available “factory assembled 
and tested”, if you don’t want to build it!

✔ We have over 350 products currently available, and 
all those don’t fit here!

The Solution!

Tickle-Stick
The kit has a pulsing 80 volt
tickle output and a mischie-
vous blinking LED.  And who
can resist a blinking light!  Great
fun for your desk,  “Hey, I told you not to touch!”
Runs on 3-6 VDC
TS4 Tickle Stick Kit $12.95

Super Snoop Amplifier
Super sensitive amplifier that will
pick up a pin drop at 15 feet!  Full
2 watts output.  Makes a great “big
ear” microphone.  Runs on 6-15 VDC
BN9 Super Snoop Amp Kit $9.95

Dripping Faucet
Produces a very pleasant, but
obnoxious, repetitive “plink, plink”
sound!  Learn how a simple transis-
tor oscillator and a 555 timer can make
such a sound!  Runs on 4-9 VDC.
EDF1 Dripping Faucet Kit $9.95

Touch Switch
Touch on, touch off, or momen-
tary touch hold, your choice!  Uses
CMOS technology.  Runs on 6-12 VDC
and drives any load up to 100 mA.
TS1 Touch Switch Kit $9.95

Voice Switch
Voice activated (VOX) provides a
switched output when it hears a
sound.  Great for a hands free PTT
switch, or to turn on a recorder or light!  Runs on
6-12 VDC and drives a 100 mA load.

VS1 Voice Switch Kit $9.95

LED Blinky
Our #1 Mini-Kit for 31 years!
Alternately flashes two jumbo red
LED’s.  Great for signs, name badges,
model railroading, and more.  Runs on 3-15 VDC.
BL1 LED Blinky Kit $7.95

DTMF Tone Decoder
Decodes DTMF Touch Tones from
telephones, radios, etc.  200mA
output drives relays, LEDs, digi-
tal devices, and more.  Decodes
0-9, *, #, A, B, C, D.  Runs on 5VDC
TT7 DTMF Decoder Kit $24.95

Stereo Super Ear
The stereo Super Ear features an
ultra high gain audio amp with
two sensitive microphones!
Boosts audio 50 times!  Includes vol-
ume control.  Runs on 3 AAA batteries.
MK136 Stereo Super Ear Kit $9.95

Light Activated Switch
Save electricity and have your
devices turn off at dusk, on at
dawn!  Closes an on-board SPDT
relay.  Adjustable sensitivity over a wide range.
Runs on 12-15VDC.

MK125 Light Activated Switch Kit         $8.95

Water Sensor Alarm
The sump pump quits...and what do
you do?  You don’t live in the base-
ment!  This cute little sensor detects
water and sounds an alarm to let
you know!  Simply mount the alarm
contacts in the area you want to
detect.  The sensor section can even
be remotely located from the alarm!
Runs on a standard 9V battery (not
included).

MK108 Water Sensor Alarm Kit             $7.95
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590 Fishers Station Drive
Victor, NY  14564
(800) 446-2295
(585) 924-4560 Prices, availability, and specifications are subject to change.  We’re not responsible for typos, mistakes, stupids and New Year’s Morning

Headaches!  Best 2008 wishes to Robin, even though I nearly broke my back to get her ad copy done in time!
Visit www.ramseykits.com for the latest pricing, specials, terms and conditions.  Copyright 2008 Ramsey Electronics, LLC...so there!

MORE than just friendly on-line ordering!
Clearance Specials, User Forums, Dealer Information, FAQ’s, Kit Building Guides, Downloads, Live

Weather, Live Webcams, and much more!

800-446-2295

Whether you want to learn the basics
of electricity, the theory of electronics,
or advanced digital technology, our lab
kits are for you!  Starting with our PL130,
we give you 130 different electronic proj-
ects, together with a comprehensive 162
page learning manual.  A great start for the
kids...young and old!

For the latest lab, check out the PL200!  Its unique design has
an integral front panel that includes controls, meter, display and
more for full control of your projects!

Not enough?  Next is our PL300, which gives you 300 separate electronic projects
along with a 165 page learning and theory manual.  The PL300 walks you through
the learning phase of digital electronics.

If you’re looking for the ultimate lab kit check out our PL500.  Includes a whopping
500 separate projects, a 152 page starter course manual, a 78 page advanced
course manual, a hinged easy to carry case, and a 140 page programming course
manual!  The PL500 covers everything from the basics to digital programming!
Learn about electronics and digital technology the fun way and build some neat
projects!  Whichever one you choose, you will have hours of enjoyment!

✔ Learn and build!
✔ 130, 200, 300, and 500 in one!
✔ Super comprehensive training

manuals!

PL130 130 In One Learning Lab Kit $44.95
PL200 200 In Super Fun Learning Lab Kit $59.95
PL300 300 In One Complete Learning Lab Kit $79.95
PL500 500 In One Advanced Learning Lab Kit $189.95

Electronic Learning Labs

130 in 1

200 in 1

300 in 1

500 in 1

These Superhet AM and AM/FM radio kits
give you a great introduction to how AM
and FM radios actually work!  Plus, they are
designed using integrated circuits rather
than standard discrete components.  These
are the perfect kits to learn all about IC
design, theory, and troubleshooting!  And
when you’re done you have an AM or an AM/FM radio
that has really great reception...that you made yourself!

IC’s, transistors, resistors, capacitors, coils and other parts are easily identified, and
described in theory.  The comprehensive manual includes step-by-step assembly
and test procedures, and complete theory.  The final alignment section is also pro-
vided to make sure you have a great sounding receiver!  9V battery required.

✔ Learn all about AM and FM 
radio theory and circuits!

✔ Build an IC based radio with 
great reception!

✔ Step-by-step assembly & test 
procedures!

✔ Great to learn about IC’s!

AMFM108K     AM/FM Integrated Circuit Radio Learning Kit $34.95
AM550K AM Integrated Circuit Radio Learning Kit $22.95

Integrated Circuit Radio Labs

AM/FM

AM

You’re going to have to go there some day, so it might as
well be now!  Virtually all electronic designs have gone to Surface Mount
Technology.  SMT components are small, at times the size of a pin head, and require
very special skills to assemble and solder.  With a pair of good eyes, a magnifying
glass, and a fine tip soldering iron, you will learn exactly how SMT components are
attached to PC boards, how they work, and how to do it!

This kit takes you through all that, including soldering, desoldering, removing, and
component placement.  When you’re done, you have a neat electronic Decision
Maker you can use!  Even includes flashing SMT LEDs!  Requires a 9V battery.

✔ Learn SMT soldering the easy way!
✔ Learn all about those tiny parts!
✔ Includes SMT training sessions
✔ End up with a neat “Decision Maker”!

SM200K SMT Practical Soldering Course & Kit $22.95

Surface Mount Soldering Course & Kit

www.ramseykits.com

This broadband radio monitors transmissions over the entire
aircraft band of 118-136 MHz.  The way it works is simple...
Strongest man wins!  The strongest signal within the pass
band of the radio will be heard.  And unlike the FM capture
effect, multiple aircraft signals will be heard simultaneously
with the strongest one the loudest!  And that means the
aircraft closest to you, and the towers closest to you!  All
without any tuning or looking up frequencies!  So, where
would this come in handy?

1.  At an air show!  Just imagine listening to all the traffic as
it happens

2.  Onboard aircraft to listen to that aircraft and associated control towers
3.  Private pilots to monitor ATIS and other field traffic during preflight

activities (saves Hobbs time!)
4.  Commercial pilots to monitor ATIS and other field traffic as needed at

their convenience
5.  General aircraft monitoring enthusiasts

Wait, you can't use a radio receiver onboard aircraft because they contain a local
oscillator that could generate interfering signals.  We have you covered on that
one.  The ABM1 has no local oscillator, it doesn't, can't, and won't generate any RF
whatsoever!  That's why our patent abstract is titled "Aircraft band radio receiver
which does not radiate interfering signals".  It doesn't get any plainer than that!  

Available as a through-hole hobby kit for easy do-it-yourself assembly or a factory
assembled & tested SMT version to operate right out of the box! Join in the excite-
ment of monitoring your local aircraft the easy way, with our patented tune-free
receiver!  Operates on a standard 9V battery, not included.

✔ Monitors the entire aircraft band without 
tuning!

✔ Passive design, can be used on aircraft, no 
local oscillator, generates and creates no 
interference!

✔ Great for air shows
✔ Patented circuit and design!

ABM1 Passive Air Band Monitor Kit $89.95
ABM1WT Passive Air Band Monitor, Factory Assembled & Tested $159.95

Passive Air Band Aircraft Monitor

Anyone who has worked with elec-
tronics knows the hassle of dealing
with various bulky devices needed to get
the job done.  This brand new 3-in-1 lab kit gives you the most commonly
required tools in one amazing compact package!

Take a close look!  On your left is a multi-function 3½ digit digital multimeter.  Its
large backlit LCD display can be seen from anywhere on your bench while you’re
working.  The DMM also features built-in transistor, diode, and continuity testing,
data hold, and audible alarm.

Next up, the regulated lab DC power supply.  Switch selectable ranges of 3V, 4.5V,
6V, 7.5V, 9V, and 12V provide a continuous duty current of 1.5 amps with a 2 amp
peak!  Features both overload protection and overload indication.

To the right we have a high quality temperature regulated soldering station.  One
would think there’s not much to say about a soldering station but are you wrong
there!  The 24V low voltage iron features an isolated ceramic 48 watt temperature
controlled element.  Front panel control gives you variable tip temperature control
from 150°C to 450°C (300°F to 840°F) and LED indication of power-on and heating-
on.  It gets even better...it is designed to maintain the temperature required for lead
free soldering!  If you’re looking for the latest and the greatest...this is it!  120VAC.

✔ RoHS compatible soldering station!
✔ Digital multimeter!
✔ Regulated lab power supply
✔ Everything all in one unit!

LAB1U 3-In-1 Multifunction Soldering Lab $129.95

3-In-1 Multifunction Soldering Lab

It’s A Great New Year... And Time To Have Fun With Electronics!

Build It, Learn It, Achieve It, Enjoy It!

Get The New 2008
Catalog Today!
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● Mailbox Timer

● Dimming Thermostat

● Batteries in the Woods
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FREQUENCY
DIVIDER

QI need a circuit to produce
3250 Hz and 65 Hz at the
same time. I don’t know if
a CD4040, CD4060, or a

PIC will do it; 50% duty cycle would
be nice.

— Craig Sellen

AIf you want crystal control,
the frequency of the oscilla-
tor should be above 1 MHz
for least cost. You need

two dividers to get two arbitrary
frequencies, so I will use the CD4040
twice. The oscillator frequency has
to be divisible by both numbers, so
multiplying 65*3250*6 = 1.267500
MHz. Multiplying by 5 also is above
1 MHz but requires more gates to
decode. You could order a custom
crystal but I will design using an R-C
oscillator. A divide by 2 is needed to
get 50% duty cycle, so I will use a
CD4013 dual D flip-flop.

In Figure 1, the first divider
output is 6,500 Hz. The decoder
taps on the divider are found by
determining the division ratio (195)
and subtracting the largest power of
2 that will fit until the remainder is
1 (195-128-64-2). The taps are at
the first, sixth, and seventh flip-flop
in the divider. A divide by 2 provides
the 3,250 Hz signal which is then
divided down to 130 Hz in the

CD4040 IC. The division ratio is 25,
so 25-16-8=1 and the taps are at the
third and fourth flip-flops of the
CD4040. A divide by 2 gives the 65
Hz output. A CD4024 seven stage
counter could have been used instead
of the CD4040.

TRANSFORMER
CURRENT

QSeveral months prior to his
untimely demise, TJ Byers
stated in the Q & A column,
in answer to a reader’s

question about power supplies, that
current in a transformer is not a sine
wave. Mr. Byers did not elaborate on
that subject as he was answering a
somewhat different question, but it
raised questions in my mind as to what
is the current in a transformer if not
a sine wave? I have been patiently
waiting for some other reader to re-raise
the question to see if you could tell us
what current in a transformer truly is, if
not a sine wave.

I am as perplexed now as I
was then: If current in a transformer
is not a sine wave, how does one
go about calculating how much
current is available when the AC is
rectified? Since voltage is very 
definitely a sine wave and the DC
value is markedly different from the
AC value, it stands to reason the DC
value of the current would follow
the same rules.

To me, that makes sense as
current and voltage are traded
back and forth in a transformer and
we calculate that trade-off via the
60 Hz sine wave. How is it that
the current is not a sine wave? I
don’t quite get that. Could you please
elucidate?

— Charles R. Rhines

AI believe Mr. Byers was 
speaking of a transformer
driving a rectifier in a power
supply. Without getting into

nit-picking details of transformer 
nonlinearity and effects of nonlinear
loads on the source voltage, the current
in the power supply transformer pulses
and is not sinusoidal.

Consider the case of a full wave
circuit with an output capacitor and
DC load as in Figure 2. The upper
(blue) line is the output voltage; the
lower line is the primary current (scale
on the right).The capacitor is slowly
discharged by the load; the rectifier
replenishes the voltage only at the
peak of the waveform. It was common
in the old days to put an inductor in
series between the rectifiers and the
capacitor to make the pulses wider
(see Figure 3).

Note that the output voltage is
smoother, takes longer to reach a steady
state, and the primary current pulses
are wider. In fact, it is possible to make
the inductor large enough that the 
current is sinusoidal, but I have never
seen it done.

Q&A
■ WITH RUSSELL KINCAID

24 January 2008

WHAT’S UP:
Join us as we delve into the
basics of electronics as applied
to every day problems, like:

In this column, I answer questions about all
aspects of electronics, including computer 
hardware, software, circuits, electronic theory,
troubleshooting, and anything else of interest
to the hobbyist. Feel free to participate with
your questions, comments, or suggestions.

Send all questions and comments to:
Q&A@nutsvolts.com
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12 VOLT TO 9 VOLT
REDUCER

QI have a question that I’ve
been trying to figure out for
the past six months. Any 
advice you might have will be

greatly appreciated.
I live in the woods and use

12V batteries for power. I have a
bunch of music equipment like

pedals and samplers that run off
of nine volts (mostly 500 mA) and
I would like to make a converter 12V
to 9V DC. Do you think it would
be fine to just use a resistor? Do
you have a simple schematic to
recommend?

I found one that uses an ECG184,
but I am not sure if it will put out the
1.5 amps that I would require to use
three pedals at once.

— Annie

■ FIGURE 1

■ FIGURE 2

■ FIGURE 3

QUESTIONS & ANSWERS
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ATo use a resistor, a known
constant load is required. In
your case, the load varies so
the resistor will not work. The

ECG184 is okay, but it does not have a
hole to fasten it to a heatsink and it is
an NPN. I prefer to use a PNP in this
application in order to have negative
common. Another solution would be
to use a switching regulator, but it would
be complicated and no advantage un-

less the efficiency was better than 75%.
In Figure 4, the PNP transistor 

dissipates 4.5 watts (3V X 1.5A), so a
heatsink is needed. The heatsink in the
parts list is rated 32 degrees C rise at
six watts, so it will be adequate. The
LEDs — D1 and D2 — are green to give
the proper voltage drop. Connecting
them in parallel is not recommended
but in this case, the normal current
will not exceed the rating of one LED;

the second is just for 
safety. The resistor, R1, is
just to provide a path for
the leakage current of the
two LEDs.

You can build it on
perf board, soldering the
leads together.

DIMMING
THERMOSTAT

QI want to build 
a dimming ther-
mostat type cir-
cuit to control a

50 to 100 watt bulb at 240
VAC. It needs to have a settable range
between 70 to 100 degrees F. When
the set temperature is reached, the light
should dim down to hold the desired
temperature. I’ve looked at some 
simple diac/triac dimmer circuits. Is it
possible just to add a thermistor in line
with the potentiometer?

This is a very useful type of circuit
for many animal/reptile keepers.

Many thanks for any advice you
may have.

— Tony Flynn, Ireland

AIn a triac dimmer, 
the temperature 
increases as the re-
sistance is decreased;

the thermistor resistance 
decreases as the temperature
increases so it is not suitable to
put in series with the poten-
tiometer. I suggest using an
LM34 temperature sensor
which outputs 10 millivolts per
degree F. An LED and cadmium
sulfide cell could be used to
control the triac, but I think 
rectifying to DC and using a

26 January 2008

■ FIGURE 4

■ FIGURE 5

■ FIGURE 6
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MOSFET is just as simple (see Figure 5).
Note that there is no capacitor 

filtering the voltage to the lamp
because doing so would increase the
average voltage and cause the lamp to
burn out sooner. The zener diode 
and C1 provide 15 volts DC to the
regulator circuit. The LM34 output is
10 millivolts per degree F, so 700 
millivolts equals 70 degrees. You can
use a voltmeter to measure the set
temperature at the test point.

The feedback resistor, R6, 
provides about one degree hysteresis
so the lamp does not start flickering.
You might want to put the lamp in an
opaque jar so the animal is not 
subjected to the light going on and
off. Maplin only stocks the LM35
which is calibrated in degrees C, so
you will need a conversion chart if you
use that. The values of R2, R3, and R4
should be: 130K, 2K, and 2K.

MAILBOX TIMER

QWhen the mail arrives in my
box, it transmits a signal to
the house. I need a circuit to
stop the signal if the box is

left open — maybe to let it ring four or
five times at the most and then stop so
it doesn’t drain the battery. I am 
using a six-volt battery #476A for the
transmitter. Can you help me?

— Anonymous

AThe circuit shown in Figure 6
is necessarily connected to
the battery as long as the
mailbox door is open. The

battery is rated 105 mAh and the 
circuit drain is about 1/4 mA so the 
battery life is about 16 days with the
door open (not counting the transmit-
ter current).

In Figure 6, when the door is
opened, the switch closes. The charging
of C2 turns on Q1 which pulls the 
trigger low and starts the 555 timer. The
output goes high which turns on Q3,
which then turns on Q2 and applies
power to the transmitter. When C1
charges to 2/3rds of the battery voltage,
the timer resets, turning Q2 off. It stays
in that state until the door is closed and
opened again. C3 is just an RF bypass
for the transmitter power. NV

Mouser and Mouser Electronics are registered trademarks of Mouser Electronics, Inc.  Other products, logos, and 
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RESISTANCE
SOLDERING
SYSTEMS

Heavy-duty resistance soldering
systems for soldering tasks

where the solder joint quality must be
exceptional have been introduced by
American Beauty Soldering Tools of
Clawson, MI.

American Beauty Ultra High
Heat Plier-Style Resistance Soldering
Systems provide instantaneous, local-
ized heat from cold to >1,000°F in less
than one second, depending on the
application. Featuring plier-style hand-
pieces, the heat is concentrated
directly at the solder joint and these
footswitch-actuated systems allow
“cold fixture” setup before soldering.

Ideal for soldering large single
wire terminations up to 0 AWG 
into terminal lugs, electrical splices,
and multi-pin connectors, American
Beauty Ultra High Heat Plier-
Style Resistance Soldering Systems 
avoid heat damage to the wire’s insu-
lation. Hand-pieces are lighter than 

conventional irons and are offered in a
variety of sizes for confined spaces
and special applications.

The Resistance Soldering Systems
are priced according to the power
supply wattage and hand-piece
design. Literature and pricing are 
available upon request.

For more information contact:

TEEN DRIVING
SAFETY TOOL

TrackStickII is a new, second-
generation, gumpack-sized passive

GPS logger that keeps a watchful eye
on shipments, vehicles, personnel, or
anything else that moves, displaying
routes and speeds when inserted into
a PC’s USB slot. If placed in a teen’s 
car, this can be a great deterrent for 
speeding or going places not approved
by the car owner.

Synchronizing with up to 12
GPS satellites, TrackStickII will work
anywhere it has a “sky view.” Using
the latest in GPS systems mapping
technologies, TrackStickII’s exact
location can be shown on graphical
maps and 3D satellite images.
TrackStickII is the only personal GPS
product that is totally integrated with
GoogleEarth. TrackStickII will run on
two AAA batteries for up to a full
week. With accuracy increased from
15 meters to 2.5 meters over its
predecessor, TrackStickII features a
weatherproof case and a detachable
belt clip for added versatility.

Using the latest in low power GPS
receiver technology, TrackStickII
records date, time, location, 
peed, heading, and altitude at pre-set
intervals configured from PC setup.
Housed in a rugged ABS 4 1/2” x 
1-1/4” x 3/4” case, this state-of-the-art
logger is a perfect solution for logging
the movement of an item or person
(but note it is illegal to monitor a 
person’s movement without their 
permission).

A low cost alternative to real-time
tracking devices with monthly airtime
fees, fee-free TrackStickII data is 
displayed on a PC map when inserted
in a USB port. See and print out the
location and speed of the vehicle’s
movement. Detailed mapping and 3D
satellite imaging reveal exactly where
TrackStickII has been for the last seven
days. Applications include: personal
GPS location recorder, vehicle 
location and route histories, package/
container shipment history, employee
and vehicle monitoring, mileage
recording and verification, public 
safety, law enforcement, family safety
(e.g., teenager driving compliance),
etc. TrackStickII has been successfully
used by search organizations in 
tracking where searches have been
performed.

P R O D U C T S
NEW

■ HARDWARE
■ SOFTWARE
■ GADGETS
■ TOOLS
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For more information, contact:
American Beauty
Soldering Tools
1177 West Maple Rd.

Clawson, MI 48017-1059
Tel: 800-550-2510
Fax: 248-280-2878

Email: es@americanbeauty
tools.com

Web: www.americanbeauty
tools.com
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Lightweight at 1.5 oz with over 
1 Mb of memory, TrackStickII can
store lots of travel information at 1-15
minute intervals, which stop logging
when stationary. Recorded position
history can be output to any PC’s USB
port in .rtf, .xls, .html, or .kml formats.
TrackStickII is available now from stock
at $175 each from Saelig Co., Inc.

EMI FILTERED AUDIO
CONNECTORS
MEET MIL-DTL-55116

Spectrum Control, Inc., has 
modified the standard MIL-DTL-

55116 connectors that are used in 60
volt audio frequency circuits with 0.5
amps of current to provide effective 
EMI filtering. Spectrum’s connectors are
waterproof and polarized, five or six pin
electrical plugs/receptacles, and can be
designed for special and selectively
loaded EMI filtering. These custom 
filtered connectors are ideal for 
communication applications where
harsh conditions are present.

Spectrum’s custom EMI filtered 
audio connectors have a capacitance
value range of 10 pF–1 mF and 
are available in C and Pi circuit 
configurations. These custom filtered
audio connectors meet all the 
requirements of MIL-STD-810F 
including sand and dust, salt, fog, high
altitude operation, fungus resistance,
and immersion to 20 meters.

Spectrum Control’s custom EMI 
filtered audio connectors have 

pricing ranging from $20 to $150, 
depending on configuration and 
quantities required.

■ H A R D W A R E     ■ S O F T W A R E     ■ G A D G E T S    ■ T O O L S
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For more information, contact:
Spectrum Control, Inc.

8061 Avonia Rd.
Fairview, PA 16415
Tel: 814-474-0325
Fax: 814-474-3110

Email: lopes@spectrum
control.com

Web: www.specemc.com

For more information, contact:
Saelig Co., Inc.

Pittsford, NY
Email: info@saelig.com
Web: www.saelig.com

Is your product innovative, less
expensive, more functional, or just
plain cool? If you have a new 
product that you would like us to
run in our New Products section,
please email a short description
(300-500 words) and a photo of your
product to:

newproducts@nutsvolts.com

SHOW US WHAT
YOU’VE GOT!
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We’re 
Semi Nuts!

Order 24 hours a day, 7 days a week
www.Jameco.com

Or call 800-831-4242 anytime

©Jameco Electronics. *According to their web sites on August 28,
2007. Trademarks are the property of their respective owners.

Jameco offers more major brands of 
semiconductors than anyone — almost 
twice as many as these catalog distributors.* 
It’s another Jameco advantage.

OTHER JAMECO ADVANTAGES:

• More major passive, interconnect 
and electromechanical brands than 
other distributors.

• 99% of catalog products ship the same day. 

• Lowest prices guaranteed, or we pay 10%.

• Major brand names and generic equivalents 
for even greater cost savings.

25-100 MHz Bandwidth• 

400 MS/s Sample Rate• 

1 Meg of memory (512K on 2 Channels)• 

5.7” 64K TFT Color Display • 

Advanced Trigger modes including: Edge, Video, Pulse Width, Slope,• 

 Alternate, Pattern and Duration

Built-in USB interface• 

, Video, Pulse Width, Slope,

)

New!

Model DS1022C DS1042C DS1062C DS1102C

Bandwidth 25 MHz 40 MHz 60 MHz 100 MHz

Price $499 $699 $799 $999

GPS Series Power Supplies
Light and Compact Design• 

0.01% High Regulation• 

Constant Voltage and Constant Current Operation• 

Series or Parallel Operation Function• 

Remote Control for External Programmable• 

Internal Select for Continuous or Dynamic Load• 

Overload and Reverse Polarity protection• 

RIGOL
Beyond Measure

Model Bandwidth Max Sample Rate Memory I/O Price

DG1011 15 MHz
100 MS/s

4 k
USB

$650

DG1021 20 MHz 4k $795

Authorized Distributor of:

Fax: 631-563-0701    Phone: 1-800-539-7445    Email: sales@exphil.com

www.exphi l . com

Model GPS1830D GPS1850D GPS3030D GPS3030DD

Output Volts 0 ~ 18V 0 ~ 18V 0 ~ 30V 0 ~ 30V

Output Amps 0 ~ 3A 0 ~ 5A 0 ~ 3A 0 ~ 3A

Price $199 $199 $199 $211

DG1000 Series Function/Arbitrary Waveform Generators*

6000 Count Autoranging DMM
Features 117 116 115 114

Digits 3 1/2

Basic DC Accuracy 0.5%

True RMS Reading AC

Voltage AC/DC 600 V

Frequency 5 Hz to 50 KHz

Volt Alert

Price $179.99 $169.99 $149.99 $129.99

Your source of low cost, high value test and measurement equipment!

100 MS/s  sample rate, 14 bit vertical resolution, 4k points • 

of memory depth

10 standard waveforms: Sine, Square, Ramp, Pulse, Noise, • 

Exponential Rise, Exponential Fall, Sinc Cardiac, DC

Versatile modulation and variety of waveforms: AM, FM, • 

PM, FSK, Sweep, Burst

RIGOL
Beyond Measure

DS1000A Series Digital Oscilloscopes*

Sales  Calibration  Refurbished Instruments

* 3 Year Warranty 
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QUALITY PRODUCT
FAST DELIVERY
COMPETITIVE PRICING

9901 W. Pacific Ave.
Franklin Park, IL 60131

Phone 847.233.0012
Fax 847.233.0013

www.pulsar-inc.com • sales@pulsar-inc.com

PRINTED CIRCUIT BOARDS

* Aluminum Backed PCB
* Single & Double sided
* SMOBC/RoHS
* LPI mask
* Through hole or SMT
* Nickel & Gold Plating
* Routing or scoring
* Electrical Testing
* Artwork or CAD data
* Fast quotes
* Flex Circuits

10 pcs (3 days) 
1 or 2 layers $249

10 pcs (5 days)
4 layers $695
(up to 30 sq. in. ea.) 

includes tooling, artwork, 
LPI mask & legend

We will beat any
competitor’s prices!!!

SHOWCASESHOWCASE

Very Schmart!

www.schmartboard.com

The Power SchmartModuleTM

will power up your circuits with 
your choice of -9, -12, +2.5, 
+3.3, +5, +9 and +12 volts.

$15

oscilloscope.  (HPS10) $146.
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PROJECTS

■ LEVEL RATING SYSTEM
To find out the level of difficulty
for each of these projects, turn
to our ratings for the answers.

●●●●  . . . . Beginner Level

●●●●  . . . . Intermediate Level

●●●●  . . . . Advanced Level

●●●●  . . . . Professional Level

■ THIS MONTH’S PROJECTS
High Power LED Strobe  . . . . . .32

Lithonia Emergency Light  . . . .38

Four Channel Datalogger . . . . .42

High-power LEDs

have received much

attention as of late,

and jumped in the

last few years from a

laboratory curiosity

into mainstream

applications.We all

have seen LED

flashlights (with their

bright bluish white

light) and its LEDs

incorporated into

some luxury auto

brands.

●●●●
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The reason for this rise in populari-
ty is very simple: as light sources

measured in lumens per watt, they are
extremely efficient. These devices eas-
ily surpass incandescent lights, even
halogen-filled ones. They also serious-
ly challenge fluorescent and high-
intensity discharge lighting (which
themselves have undergone extensive
efficiency improvements). LEDs offer
a few extra features: low voltage oper-
ation, small size, and solid-state
ruggedness. These qualities make
them very attractive for portable and
automotive environments.

This doesn’t mean that high
power LEDs are not without 
problems. Unlike their lower rated
brethrens — which max out at 20 or
30 mA — these monsters start at
300 mA, with 700 and 1,500 mA
devices available, and even higher
rated devices in the pipeline.

With so much power concentrat-
ed into such a small volume, heat
becomes a major concern. With the
LED itself being a semiconductor, heat
substantially reduces both the operat-
ing life and the efficiency of the
device. Thus, thermal management is
paramount in a successful application.

LEDs have an additional advan-
tage that none of the light sources
discussed above can match: the
ability to be turned on and off
almost instantaneously. Only Xenon
flash tubes have better response
times, but their high voltage has 
precluded them from being used in
applications such as cell phone
cameras, where high power white

LEDs have become ubiquitous. As I
needed to build a strobe circuit, I
decided I should give them a try.

The Challenges are
in the Details

Starting a new project is similar
to hiking an unknown trail the first
time. One quickly finds unexpected
challenges, some of which are tough
to solve. But solving those chal-
lenges make it all worthwhile, and
hopefully, make you a little wiser.
This project did not disappoint.

I had originally attempted to
build a strobe employing the conven-
tional high-voltage capacitor and
Xenon-tube combination — circuits
which have been around for a long
time — and rapidly noticed the draw-
backs. For one thing, it is very easy to
exceed the tube’s maximum power
dissipation at higher repetition rates,
causing it to crack. For another, the
simple inverter circuits that convert
from the battery level voltage to the
required high voltage simply do not
have enough energy to recharge the
flash capacitor in 1/100 second or
less. These units are designed for
non-repetitive applications, with 
typical recharge times of two or three
seconds — maybe longer — and are
two orders of magnitude too weak.

As I pondered how to design
the required high power converter,
a thought came to mind: This was a
perfectly good example for a radical
new solution. In this case, employ
the newer, high power white LEDs.

BUILD A
HIGH-POWER LED

STROBE
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The first challenge was to remove
the excessive localized heating which
causes a loss of luminous efficiency
(shown in Figure 1) and may even set
off thermal runaway. Additionally,
LEDs are diode junctions, and require
their current to be regulated. This is
simple, trivial resistor stuff when only
a few milliamps are required. Not so
trivial — and quite wasteful — when
dealing with high currents.

A possible solution would be a
current regulated switchmode power
supply. However, switchmode sup-
plies do not tolerate excessive current
swings, especially when going from
zero to full blast and again back to
zero in a millisecond. (Hmmm ... who
said this would be a simple project?)

To top it all off, these LEDs have 
a Lambertian light distribution;
“Lambertian” being a fancy word
meaning “all over the place.” Some
sort of lens or reflector would be
required to form a useful beam.

First things first ... which LED source
should I employ? After reading count-
less datasheets, I settled for Luxeon’s K2
in a “star” configuration. As shown in
Figure 2, the LED die is attached to an
aluminum star-shaped plate, which itself
is to be mounted to the heatsink. This
plate also provides the necessary solder
pads to attach the wires.

I quickly determined that an
all-aluminum box would both
house the project and serve as a
heatsink. I could then use hard-
ware (similar to what is used to
mount TO-3 transistors) to
attach it to the aluminum box.
But this hardware caused an
interference with the optical
lenses. As discussed above, the
LEDs require lenses to focus the
light, and as shown in Figure 3,
these are attached to the LED
assembly with an adhesive pad.

A possible solution would be to
employ an adhesive thermal co pound,
but I wanted something that is widely
available to hobbyists. A workable solu-
tion was found: Apply a tiny bead of sil-
icon thermal compound in the center of
the star (on the flat side that will attach
to the aluminum box) and push the star
firmly against the aluminum box’s face.

If done correctly, the bead will
spread out evenly and NOT smear
out. This is important, and it make take
a couple of trials to get it right.
Then, cyanoacrylate superglue is
employed on the star’s periphery
to perform the actual bonding.
Done correctly, this provides a
good thermal interface and fairly
secure attachment.

Electrical
Considerations

Having solved the thermal,

optical, and mechanical aspects of the
assembly, then came the fun part.
How to drive these LEDs? There are 
literally dozens of high output, 
constant current switchmode LED
drivers available from different IC 
vendors. However, they either are in
nightmarishly-tiny SMT packages, or
optimized for steady state output and/
or a single light shot such as a flash.
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BY FERNANDO GARCIA

■ FIGURE 1. Light output vs.
junction temperature.

■ FIGURE 2. K2 Star.
Photo courtesy of LuxeonStar.

■ FIGURE 3. Lens assembly.
Photo courtesy of LuxeonStar.
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As mentioned previously,
switchmode supplies respond
sluggishly to sudden load
changes, which would be the
norm for this project. Severe over-
shoot and ringing usually occur as
the control loop attempts to 
stabilize, which could (in the
worst case) cause permanent
damage to the unit. There is a
control scheme however, known
as the hysteretic — or ripple —
regulator, which responds the
fastest for sudden load changes.

As its name implies, it self-
oscillates between two user-set
ripple boundaries. Using this
search string plus the LED driver, I
found a very exciting device from
Supertex, Inc. The HV9930 
feature set not only satisfied the
hysteretic current control scheme,
but it also employs the Cuk 
(buck-boost) powertrain topology,
meaning that the output voltage
may be higher or lower than the
input voltage for increased 
versatility. It also drives an 
external MOSFET, and thus its
output drive may be as large as
required, depending on the 
external device ratings.

The device is available in
both eight pin thru hole and SMT
packages. It is available through
Mouser — important since all the
wonderful specs are meaningless
to a hobbyist, if the device is only
sold through a distributor network
which caters to small orders.

Better still, the device has an
available plug-and-play evaluation
board (HV9930DB2), which is a
major plus if one doesn’t have the
time or inclination to design a
switchmode supply from scratch.
The board has a quick responding
enable input which can be used
for either PWM dimming, or in
this case, for pulsing.

One last consideration when
employing this module is that it
has a minimum eight volts DC
input requirement, with 12 volts
DC preferred. This is okay, since
the high power requirements
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■ FIGURE 4
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demand much more juice than what
four AA cells can realistically provide.

The evaluation board is preset to
750 mA, which dictates that 700 mA
grade stars be used. I would have liked
to use 1,500 mA stars, but that means
substantial EV board modifications,
which are beyond the scope of this
article.

Control Circuit
Description

I had some goals for the control
circuit: It should be capable of driving
the HV9930 evaluation board from
three different trigger sources: 
component video to synchronize with
a camera; an external open collector
or TTL level signal; and an internal 
variable frequency oscillator. It must
also have calibrated power levels
achieved by precisely controlling the
light pulse’s output width. The
schematic is shown in Figure 4.

A +12 volt DC external source is
fed via J1 to both the evaluation board
EV1 and a five volt regulator U5 that
feeds the control circuit. Capacitor C9
should be located very close to EV1,
to smooth out the demand for high
current pulses.

An external NTSC/PAL video
component signal is applied to J3,
with resistor R1 providing the proper
termination impedance, and is fed via
C1 to sync separator U4. This IC has
many functions, but we are using only
two: The composite sync output is
employed to turn on MOSFET Q5,
which discharges capacitor C4. This
low voltage applied to NAND gate
U3a disables it from oscillating when a
valid video signal has been connect-
ed. Another of U4’s functions — the
Odd/Even field output — is employed.

A little explanation is required
here. Individual TV images — or
frames — are comprised by two inter-
laced fields, which each include the
odd and even scan lines. Modern
video sensors capture the entire frame
simultaneously, but to comply with
this legacy TV standard, the signal is
processed and interlaced before 
sending it to the video output. For the

purposes of this project, this would
create double light pulsing while the
frame is acquired, causing a double
exposure. The Odd/Even output 
effectively chooses a single field, 
synchronized to the video capture.
Since the CCD’s actual frame capture
timing (with respect to this signal) is
unknown, we must delay its phase
such as both coincide. This is achieved
by monostable U2b, which is 
triggered on O/E’s falling edge.

The phase delay is set via C10, R6,
and potentiometer R7. By adjusting
the latter, the light pulse can be made
to coincide with the actual video cap-
ture. This can easily be accomplished
empirically: One turns R7 fully to one
end, and then start backing up slowly
until the image on the camera’s
viewfinder becomes the brightest.

Both the composite sync and O/E
outputs become a logic low when a
video signal is absent. This has two
effects; first, U2b is no longer 
triggered and no further pulses occur.
Second, Q5 is no longer turned on,
and C4 charges through R3. When a
logic high is reached, U3a is allowed
to oscillate via positive feedback via
R4 and R5, and in conjunction with
C5, sets the frequency. This is coupled
to U3c which is no longer receiving
pulses from U2b, which serves to
select which pulse (video or free run)
passes through.

In essence, all this circuitry selects
a free running pulse when no video is
available, and a field synchronized
pulse when a valid video signal is
present. U3d only buffers the 
signal to drive a small red LED,
which indicates oscillator activity.

The selected signal goes to
the normally closed contact of
“external trigger” jack J2. When
no plug is connected, the signal
will continue to U3b and then
to the next monostable U2a.
The reason for employing U3b
is to provide a Schmitt-Trigger
action for the external signal,
which provides noise immunity
and the fast trigger edge

required by U2a. This monostable is
wired in a non-retriggerable configura-
tion, to prevent pulsing stretching due
to noise.

The external trigger may be either
a TTL-compatible square wave, a
switch, or a transistor closure to
ground. In this last instance, R11
serves as a pull-up.

The pulse width is selected by
switch SW1 and associated compo-
nents C12, R9, and R10. This will 
provide an output pulse duration of
either 1/250 or 1/500 second for high
or low power mode. This pulse is now
applied to LED driver evaluation board
EV1 which, in turn, drives the four
series-connected Luxeon LEDs.

A jumper wire must be installed to
select an operating mode: Connecting
EV1’s pins 1 and 2 together will turn
on the LEDs continuously, regardless
of any other conditions, and is useful
for testing. Connecting EV1’s pin 1 to
U2a pin 6 reverts the circuit to normal
operational mode.

Assembling the Circuit

As shown in Figure 5, the whole
project is assembled in a small 
aluminum box. Prior to any electronic
assembly, all the holes must be drilled
and deburred. Afterwards using a 
pencil, mark the location of the LED
stars, noting the orientation of the plus
and minus signs to allow them to be
connected in series. Attach them
using the thermal compound and

Build a High-Power LED Strobe
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■ FIGURE 5. Completed project.
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superglue techniques
described previously.
Let them set, but do
not install the lenses on
the LEDs yet, as they
have to be wired in
series, carefully observ-
ing the polarity.

Now that the LEDs
are attached and heat-
sunk, wire them to the
evaluation board EV1
and power them up.
Prepare yourself to be
awed at the huge light
output, but DO NOT
leave them powered
longer than a few
moments at a time,
since the aluminum
chassis is insufficient to
remove all the heat
generated in continu-
ous mode.

Now that you are
satisfied with the circuit
operation, attach the

lenses to the LEDs. They
should sit flat for the
adhesive pad to make
proper contact. You may
find that the soldered
wires interfere a little
with the placement; use
an X-acto knife to
remove any small sec-
tion that gets in the way.

Besides the pre-
assembled evaluation
board, one must build
the control circuit in a
separate board. It is sim-
ple enough to be built

using point-to-point wiring techniques
in a small perf board. The boards may
be assembled and wired as shown in
the prototype photo of Figure 6.

It proved to be a tight and 
somewhat difficult fit, and I would
recommend a larger enclosure for an
easier and neater assembly. The 
recommended enclosure in the parts
list is larger than the one in the photo.
An extra bonus is the additional
heatsinking capabilities.

Using the Circuit

Strobe lights have long been used
by mechanical engineers to study
vibrating or rotating elements. By
adjusting the frequency fed from a 
signal from an external oscillator, one
can “freeze” the rotational or vibrating
movement. Since the oscillator 
frequency can be measured very
accurately, the mechanical frequency
may be accurately established, too.

The strobe typically may be 
triggered upwards of 100 Hz or up to

200 Hz in low
power mode, mak-
ing measurements
of 12,000 RPM
possible. Be aware
of the increased
heat generation
and a current draw
close to 0.5 amps
at 12 volts at high-
er frequencies,
both of which
decrease linearly

PARTS LIST                      
ITEM DESCRIPTION
The following are available through Mouser.
Resistors (all resistors 1/4 W, 5%, unless noted)
❑ R1 75 ohm
❑ R2 680K
❑ R3 39K
❑ R4,R11 470K
❑ R5,R7 500K  linear pot
❑ R6 39K
❑ R8 1K
❑ R9,R10 20K  1%

Capacitors
❑ C1,C3,C4,

C10,C12 0.1 μF, 50V, 10% poly
❑ C2,C6,C7,C11 0.1 μF, 50V, X7R ceramic
❑ C5 0. 0.1 μF, 50V, 10% poly
❑ C8 10 μF, 25V, electrolytic
❑ C9 4,700 μF, 16V, low-Z electrolytic

Semiconductors
❑ Q1 2N7000 MOSFET
❑ U1 7805 voltage regulator
❑ U2 CD4538 CMOS monostable
❑ U3 CD4093 Schmitt NAND CMOS gate
❑ U4 LM1881 TV sync separator
❑ LED1 Miniature red LED

Miscellaneous
❑ J1 Power jack
❑ J2 Mini phono jack
❑ J3 RCA jack
❑ SW1 Mini toggle SPST switch
❑ EV1 HV9930DB2 white LED driver board
❑ All aluminum box 4.0”x 2.2”x 3.0”: Hammond 1411FU
❑ Perfboard, wire, pot knobs, silicon thermal compound,
Krazy glue™.

The following are available from LuxeonStar LEDs 
(www.luxeonstar.com):
❑ LED2-LED5 Luxeon K2 Star, 5027PW12
❑ L2 spot base 3° lens for LEDs, OPK2-1-003
❑ L2 spot diffuser 12° sub lens, OPK2-1-012S
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■ FIGURE 6. Internal assembly.

■ FIGURE 7.
Water drop.

■ FIGURE 8.
Bouncing marble.
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with operating frequency.
Although the light output is 

necessarily low power — because of
its repetitive nature — compared to a
one shot Xenon flash, the circuit may
still be used for some photography
tricks. In this instance, the video input
comes in handy.

Connecting the composite video
signal from a camera will synchronize
the flash to the actual frame capture.
As described previously, you may
need to adjust the “Phase Delay” 
control to obtain maximum bright-
ness, as observed in the viewfinder.

The water drop sequence in
Figure 7 and the bouncing marble in
Figure 8 were obtained employing 
this technique.

You may find that the LED lenses
produce a beam that is perhaps too
narrow (± 3 degrees) for practical 
photography usage. Fortunately, the
sub lens shown in Figure 9 (that
attaches to the top of the main lens)
will widen the beam to ±12 degrees.

Finally, the project may be used in
the free run mode, much like the disco
strobe lights so popular in the ‘70s. So,
load your favorite funky music CDs
and enjoy!  NV

■ FIGURE 9. Sub lens.
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Shortly after Ernesto blew
through, I obtained an 

emergency light (see Figures 1 and
2). I mounted it on the wall in my
kitchen and plugged it into a nearby
power outlet. This arrangement
allows one lamp to illuminate the
stovetop and the other lamp 
to shine out into the living room;
problem solved, or so I thought ...

A Mid-afternoon
Power Failure

I was reading a book by the sun-
light shining through the windows on
March 14, 2007 when I experienced
the next power failure. The lights, tel-
evision, scanner, and computer were

already off, so I had

no way of knowing the power had
gone out — except the emergency
light shining in my face unnecessari-
ly. Four thoughts flashed through my
head as the light struck my eyes:

• I didn’t know why the power had
gone off, or how long it would be off.

• Lithonia designed this device to
provide light for no more than 1-1/2
hours.

• Sunset was 4-1/2 hours away!

• I had to do something — and soon
— or the battery would be dead at
sunset if the power was still out.

I quickly rigged an extension
cord to the emergency light
from the small 12-volt inverter
I keep in my truck. I wanted to
maintain the charge on the
emergency light’s battery, and
I wanted to provide power to
my scanner so I could find out
what had caused the outage
by tuning in to EMS and the
power company’s radio com-
munications. The power com-
pany restored power after only
20 minutes, but I had already

concluded that I
needed to add a

MODIFICATION OF A
SIX VOLT LITHONIA
EMERGENCY

LIGHT

Tropical Depression
Ernesto sparked

my desire for
emergency lighting

when gale-force winds
knocked out my

family’s electricity for
45 minutes on the

evening of September
2, 2006 as its remnants

moved north past our
home on the Delmarva

Peninsula. After the
initial whines and

complaints about the
power outage from our
two teenagers, my wife

and I distributed
flashlights, a deck of
cards, board games,

and a battery-operated
radio to them.Then we
sat back on the couch,

listened to the radio,
and watched our kids

play cards by flashlight
on the living room floor.

It turned out to be a
very pleasant evening,
and I was almost sorry

to see the power 
come back on.

●●●●
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■ FIGURE 2

■ FIGURE 1

For Night Use Only
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circuit to the emergency
light that disabled the
lamps and prevented the
battery from discharging
during the day.

Circuit Analysis

Lithonia 6V Emergency
Light (EMEPD00114
Rev.A)

A “Portalac” 6V, 4.5
AH, sealed valve regulat-
ed lead acid battery is 
the emergency light’s 
primary power source. A
120/277 VAC power 
supply maintains the bat-
tery’s charge. A parallel RC network in
series with the bridge rectifier drops
the line voltage to 15.65 VAC. A 470
μF 35V electrolytic capacitor filters the
output from the rectifier, and an
LM317T adjustable voltage regulator
in a TO-220 package regulates the 
filtered DC voltage (see Figure 3).

A custom integrated circuit 
packaged in a 14-pin DIP performs
multiple functions. The chip’s onboard
battery charger monitors the battery
voltage when AC power is available
and adjusts the output voltage of the
LM317 for optimum charging based
on the battery’s state of charge. A 
low-voltage disconnect circuit moni-
tors the battery voltage during a
power failure and shuts off the lamps
to prevent damage to the bat-
tery from excessive sulfation
of the plates. A power failure
detection circuit monitors the
presence of AC power and
switches the lamps on and off.

My search for the “light
switch” turned up a TIP41
NPN bipolar transistor in a TO-
220 package that the signal
from pin 7 of the IC controls. It
is in a series circuit with the
lamps and the battery. The
lights switch on when the 
output of pin 7 is 6 volts, and
they switch off when the signal
from pin 7 falls to 0 volts. I

needed to tap into this signal for
my brainchild to work, and this
would involve minor “bypass 
surgery” on my part.

First, I cut the circuit board
trace between the base of the
light switch transistor and pin 7 of
the control chip with a 1/16” drill
bit (see Figure 4). Next, I scraped
the light green insulating film
from the copper circuit board
traces and soldered a four-
conductor ribbon cable from the
freshly exposed traces, the 6V trace,
and the ground trace to the daughter-
board I would construct (see Figure 5).

Electric Eye
The schematic for the Electric Eye

option is shown in Figure 6. The 
cadmium-sulfide photoresistor voltage
divider provides an analog signal of
the ambient light level to the non-
inverting input of the 741 operational
amplifier. The value of the fixed resis-
tor that forms the other

BY CLIFFORD CHIPMAN, KB3PML

■ FIGURE 3

■ FIGURE 4

■ FIGURE 5
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LITHONIA’S CONTROL
IC FUNCTIONS

• Pin 5 — 6 volt supply
• Pin 6 — Battery voltage feedback input
• Pin 7 — Light switch control signal output
• Pin 9 — AC power failure detection input
• Pin 11 — Voltage regulator control output
• Pin 12 — Ground
• The other pins are unused or their use 

could not be determined
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leg of the voltage divider needs to be
determined experimentally because it
will depend on the light and dark
resistance values of the CdS photore-
sistor you select for this application. I
found that aiming the photoresistor at
a white ceiling obtains an accurate
indication of the ambient light level.

As the light on the photoresistor
brightens, the resistance falls and the
voltage across the photoresistor (and
at the non-inverting input of the op-
amp) drops. On the other hand, as the
light on the photoresistor dims, the
resistance rises and the voltage across
the photoresistor increases.

The 741 functions as a voltage
comparator in this application. When
the voltage across the photoresistor
falls below the voltage set at the
inverting input of the op-amp by the

10K ohm potentiometer, the output
voltage of the op-amp switches from
six volts to two volts. The output volt-
age of the op-amp switches from two
volts to six volts when the voltage
across the photoresistor rises above
the voltage at the inverting input of
the op-amp.

Consequently, the output voltage
of the op-amp is +2 volts when the
room is too bright to need the emer-
gency lights, such as when sunlight is
filling the room or the AC lighting is
on. The output voltage is +6 volts
when the room is dark enough to jus-
tify using the light, such as nighttime
or the AC lighting is off.

A green LED serves two purposes.
It provides an obvious indication of
the light triggering level, and it inter-
faces the op-amp to the digital logic

circuit described next.
The LED conducts
when the output volt-
age of the op-amp
rises above the LED’s
forward voltage. This
allows enough base
current to turn on 
transistor “A” in the

inverter (logical NOT gate) circuit.

Digital Logic Circuits
Digital logic circuits receive

signals that represent the two
binary digits 0 (NO/OFF) and 1
(YES/ON). A voltage of six volts
represents a YES signal, and a
voltage less than two volts repre-
sents a NO signal. Here’s how
the individual components work.
Think of the emitter and collector
terminals of a transistor as the
terminals of a pushbutton switch

and the base terminal as the switch’s
button. A YES signal presses the 
button by allowing current to flow
through the transistor’s base-emitter
junction. This causes the transistor to
conduct electricity through the 
emitter and collector terminals. A NO
signal releases the button and the 
transistor returns to a non-conducting
state. This is a highly simplistic version
of how a transistor operates, but a
more accurate explanation that delves
into the physics of semiconductors is
beyond the scope of this article.

Input transistor A receives a signal
from the op-amp to answer the ques-
tion, “Is it dark?” Input transistor B
receives a signal from the Lithonia IC
to answer the question, “Has the AC
power failed?” If the answers to ques-
tion A and question B are YES, then

the logic circuit’s output X responds
with a YES and turns on the light
switch transistor (Q1) on the emer-
gency light’s main circuit board. A
logical AND gate circuit fulfills the
requirements of this application.

Diode-Transistor-Logic
The diode-transistor-logic (DTL)

circuit in Figure 6 functions as an
AND gate, but the actual logic 
circuit I used is defined as a NOTed
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■ FIGURE 6

■ FIGURE 8■ FIGURE 7

AND Truth Table

 A B X 
No No No
No Yes No
Yes No No
Yes Yes Yes

OR/NOR Truth Table

 A  B  OR (X)  NOR (X) 
No No No Yes
No Yes Yes No
Yes No Yes No
Yes Yes Yes No

NOTed NOR
gate = AND gate
 A  B  X 
Yes Yes Yes
Yes No No
No Yes No
No No No
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NOR gate. Transistors A and B 
function as logical NOT gates for each
input. The two 1N4448 diodes func-
tion as the two-input OR gate, and
transistor X functions as the logical
NOT gate on the output. By inverting
the inputs of the NOR gate, we 
effectively end up with an AND gate.

I will walk you through all four
possible scenarios that the AND gate
will encounter. In the first three 
scenarios, the answer to “Is it dark?” is
NO or the answer to “Has the AC
power failed” is NO. Base-emitter cur-
rent will not flow through the transis-
tors if their inputs are NO. This keeps
the voltages at their respective collec-
tors high enough to allow current to
flow through one or both diodes and
the base-emitter junction of transistor
X. The collector voltage of transistor X
stays close to 0 volts and keeps the
light switch transistor (Q1) off.

In the final scenario, the answer to
both questions is YES. Both transistor A
and transistor B are conducting, both
collector voltages are close to 0 volts,
and base-emitter current from transis-
tor X cannot flow. The collector voltage
of transistor X is high enough to allow
base-emitter current to flow from the
light switch transistor (Q1) on the main
board and switch on the lights.

Mounting the
Daughterboard

Always disconnect the AC power
before working on this project because
the emergency light lacks a power 
isolation transformer. Therefore,
mounting the daughterboard inside
the plastic cabinet of the emergency
light is preferable to mounting it on the
outside of the cabinet.

However, I chose to mount it on
the outside of the cabinet, anyway. I
drilled an offset hole in the circuit
board adjacent to one of the original
mounting holes to allow for the 
emergency light’s curvaceous cabinet
(see Figure 7). This reduced the strain
on the circuit board.

My primary reason for mounting
on the exterior was the limited
amount of space available inside the

cabinet. The second reason is that I
sealed the circuit board’s components
(with the exception of the CdS 
photoresistor, the 10K ohm poten-
tiometer, and the LED) in silicone
caulk for electrical insulation. I used
stiff postcard material to construct
crude molds around the components

that I did not wish to seal off from the
outside world. It took the caulk
between two and three days to set
(see Figure 8). Third, I mounted the
emergency light too high for curious
and untutored hands to reach. Finally,
and most importantly, I wanted to
place my creation on display.  NV

Emergency Light

PARTS LIST                                           
ITEM/DESCRIPTION PART # QTY
❑ D1 – 2.2V 20 mA 3 mm green LED 253665 1
❑ D2, D3 – 1N4448 diodes 100PIV 0.2A 655242PS 2
❑ R1, R4-R7 – 4.7KΩ 1/4 watt resistors 691024 5
❑ R2 – Cadmium sulfide photoresistor 202403 1
❑ R3 – 10KΩ trimmer potentiometer 254203 1
❑ R8 – 330Ω resistor 1/4 watt resistor 690742 1
❑ IC1 – 741 operational amplifier 24539 1
❑ QA, QB, QX – 2N2222 NPN transistors 28629PS 3
❑ Circuit board standoff mounts 393895 2
❑ Eight-pin DIP socket 683104 1

A 2-1/2” x 2-1/2” circuit board will hold all of the components for this project.
RadioShack may have most of the required parts, but Jameco has a wider
selection and lower prices if you are willing to pay for shipping and wait for the
delivery of the parts. All part numbers listed are from Jameco.
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The circuit shown in Figure 1
is based on a Microchip

PIC16F876A microcontroller. This
chip has a built-in, five channel 
10-bit analog-to-digital converter
(ADC), but only four channels are
shown being used. It is very simple
to modify the code to use from one
to all five ADC channels (more on
this later).

A linear voltage regulator (such
as the LM78L05) powers the PIC
and any five volt tolerant sensors
which may be added to the circuit.
One mode-select jumper is used to
place the microcontroller in data
acquisition mode or in “data dump”
mode. An in-circuit serial program-
ming (ICSP) header is included to
reprogram the PIC after the circuit
has been assembled, along with a
diode to prevent the programming
voltage from getting into the rest of
the circuit via the five volt bus.

The 876A contains three 
different types of memory: 368 bytes
of RAM, 256 bytes of EEPROM, and
8,192 words of Flash program 
memory. There isn’t enough RAM or
EEPROM for serious data storage,
and the Flash memory is for the pro-
gram code, so where can our data go?

Well, if we are very careful, 
we can use the WRITECODE 
and READCODE instructions in 
PICBASIC PRO (available at www.
melabs.com) to store that data in
the Flash program memory. The
code listing (available at www.
nutsvolts.com) only uses about 400

words of program memory. That
leaves nearly 7,800 words  for data
storage; enough to capture more
than 1,900 samples of the four 
10-bit ADC values.

The code starts out by defining
variables, and the most important of
these is the “pointer” variable. This
defines the address in the Flash
memory at which the data will be
written during data acquisition. The
initial value of this variable is set at
an address beyond the last word of
program code, so there is a bit of
unused memory between code and
data. If you modify and recompile
the code, you must check how
many words your new code occu-
pies and adjust the initial pointer
value accordingly to make sure your
data cannot overwrite your code.

Next, the code checks the 
status of the mode select jumper on
pin RA4 and jumps to either the
data acquisition loop or the data
dump loop. The two loops are very
similar in structure, using the same
variables to cycle through the ADC
channels and either write to or read
from the Flash memory. Each loop is
terminated with an END command,
so that when all of the memory has
been written or read, the PIC will
enter a power-saving sleep mode.

The number of ADC channels
used is determined by the “channel”
variable, which is used to set 
the number of times the ADCIN 
command is executed in each pass
through the data acquisition loop.

SINGLE CHIP, FOUR

CHANNEL
DATALOGGER

Here’s a simple circuit I

came up with as part of

another project I was

working on to measure

the acceleration of a

model rocket in flight.

While my original data

storage requirements

for that project were

very specific (and very

basic), I realized that

the datalogging circuit

and code had many

other uses.

This datalogger is

suitable for just

about any application

where a small, cheap,

low power circuit is

needed to sample

analog voltages,

convert them to digital

values, and store a

modest amount of data

in non-volatile memory.

●●●●
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As mentioned earlier, the
maximum value for this
variable can be anywhere
from 1 to 5.

A datalogger isn’t
much good without some
sort of time reference asso-
ciated with your data. The
code provides a relative
time stamp for each set 
of data through a pause 
command, which is 
calibrated to provide the
desired delay between data
acquisitions. This calibra-
tion is accomplished using
the “test pulse out” signal
on pin RB1 and an external 
frequency counter.

The code as written
will collect data every 0.1
seconds using a pause
value of 94 milliseconds, as
near as my frequency
counter could resolve. A
pause value of 994 millisec-
onds should give a one 
second interval between
data acquisitions, and so
on. Remember to recalibrate
this pause interval whenever
you make changes to the
code in the data acquisition loop.

Once your datalogger is full,
power it down and connect it to a
standard serial (not USB) port. Only
the receive data and signal ground
pins on the computer’s serial port
need to be connected.

The computer should be running
a terminal emulation program set at
2400 baud, no parity, eight data bits,
and one stop bit (2400 N81). Also,
make sure that the software is not set
to use hardware handshaking. It’s a bit
slow downloading this way — taking a
minute or two to dump the whole
memory — but this makes it very 
tolerant of different circuit construc-
tion techniques and unshielded 
data cables.

Before powering up the datalog-
ger, you must install the mode select
jumper so the program will begin

downloading the data. If you don’t,
the PIC will begin collecting more
data and overwriting whatever was
there before. The data dump loop for-
mats the data into separate lines for
each time reference, with the values in
each line separated by commas, 
starting with the first ADC channel.
The data can then be 
easily imported into a
spreadsheet in a comma-
separated variable (CSV)
format, and processed 
or graphed as needed.
Depending on the exact
number of data sets
recorded, the last line of

data may contain some invalid values
that will need to be ignored.

Application — Rocket
Accelerometer

My rocket-borne implementation
of this circuit is shown in Figure 2. I’m

BY DAN GRAVATT

January 2008                   43

■ FIGURE 1. Four
channel datalogger
schematic.

■ FIGURE 2. Rocket
datalogger circuit with

two-axis accelerometer
daughterboard.
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using an Analog Devices’ ADXL321
two-axis evaluation board to measure

the acceleration over the rocket’s
flight profile. Note the five-pin 
connection for ICSP, the mode select
jumper, and the serial data output

connector (the one with
the white base). A 12 V
A23 battery in an N-cell
holder is bolted to the
back of the board, and
an additional two-pin
jumper is used as an 
on-off switch.

The circuit layout is
non-critical, but all 
components must be
firmly soldered, glued,
or otherwise held in

place to endure the stress of launch
(the ADXL321 has a range of ±18 G,
to give you an idea of what I’ve built it
to endure). There are three ADC 
channels and plenty of board space
left for additional sensors.

Have fun keeping track of your
world with this datalogger — now
there’s no excuse for not knowing
what’s going on!  NV

CONTACT THE
AUTHOR
■ Dan Gravatt can be reached 
via email at dgravatt@juno.com.
1A programmed PIC16F876A for this
project is available from the author.

PARTS LIST            
❑ PIC16F876A microcontroller1

❑ 4 MHz ceramic resonator with
capacitors

❑ LM78L05 five volt linear regulator 
in TO-92 case

❑ (2) 10K ohm resistors
❑ 1N4148 diode
❑ 0.1 μF capacitor
❑ (2) two-pin and (1) five-pin header
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■ FIGURE 3. The datalogger fits 
neatly inside my launch vehicle.
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■ FIGURE 4. Plot of the captured
acceleration data during launch and
landing (further data available at
www.nutsvolts.com).
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The HEW Target Server (HTS) gives you a preview of how your hardware/ 
software will function while you’re still in the design process, providing valuable

real-time feedback. In fact, with HTS, you can 
create your own Windows®-based applications 
that can communicate with and control Renesas 
MCUs/MPUs and our integrated development 
environment HEW (High-performance 
Embedded Workshop). The HTS interface 
allows you to easily open and close a workspace,

control builds and sessions, automate processes, and program target MCUs/MPUs. 
You can send and receive variables, set breakpoints and be notified of HTS events 
all through the existing debug interface. No additional USB or serial channels 
are required. Your application possibilities are endless with HTS. Use it to 
quickly automate testing, create virtual hardware, create user interfaces, view 
messages from your target micro, etc. Do whatever the situation requires and 
your imagination inspires! For more information on the HEW Target Server, 
visit America.Renesas.com/HTS.

w
w

w
.R

en
es

as
In

te
ra

ct
iv

e.
co

m
/H

TS
co

n
te

st
20

08
En

te
r 

To
d

ay

© 2007 Renesas Technology America, Inc. Renesas Technology America, Inc. is a wholly owned subsidiary of Renesas Technology Corp. 
All trademarks are the property of their respective owner.

See how your designs function 
before you design them

$15,000
 in cash prizes

The Renesas HEW Target Server – 
make your visions become a reality.

Custom
Windows

Application
HEW

HEW Target Server

Target 
Device

Enter today and you 
can receive a free* 
HTS demo kit. You’ll 
also get a chance for 
fun, fame, and a shot at 
$15,000 in cash! The HEW Target 
Server design contest is a great 
opportunity to show off your 
design skills, while testing out 
this exciting new addition to the 
Renesas HEW Development Suite. 

Get all the details from 
our contest website.

Design Contest

 *While supplies last

To experiment with HEW Target Server right now, visit 

RenesasInteractive.com and sign up for a hands-on VirtuaLab session.
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Hardware
First, let’s talk about the hardware

involved with this project. The
PIC16F57 is a 28-pin MCU with 2K
instructions of Flash program memory.
The project makes use of the three
general-purpose input/output ports
(A, B, and C), as well as an eight-bit
timer (Timer0).

Taking a closer look at the
schematic in Figure 1, the lower two
PORTA pins connect to two pushbut-
tons (SW1 and SW3) that are pulled
up to V+. Each pushbutton is used to
roll one of two LED die displays 
connected to PORTB and PORTC.
The MCU recognizes a pushbutton
press when that particular pin is driven
to ground or a logic LOW. RA3 is 

connected to a buzzer
used to generate a
clicking sound while
the pushbuttons are
pressed, to simulate
the “shaking” of dice.
The remaining pins are

connected as recommended in the
datasheet for the PIC16F57.

This application does not require
precise timing. Therefore, the MCU
uses an RC oscillator by connecting a
10 K resistor and 1,000 pF capacitor in
parallel to the OSC1/CLKIN pin (the
PIC16F57 will need to be configured
for RC oscillator mode in the
firmware). SW2 on the schematic 
connects to the MCLR/Vpp pin. PIC
MCUs have the ability to have an
externally-triggered RESET generated
by driving the MCLR/Vpp pin to
ground. On any RESET, the firmware
code restarts execution from the
beginning.

Finally, notice the P1
header connected to
various pins on the
MCU. This implements
an in-circuit serial 
programming (ICSP)
configuration, which
allows the firmware to

Low-CCost MMicrocontrollers
Enable EElectronic ““Microdice ((μDice)”
by Marc McComb

A ffew mmonths bback, oone oof tthe eengineers aat
Microchip ccame uup wwith aa ssimple llittle ddesign
using aa llow-ccost, BBaseline PPIC16F57
microcontroller ((MCU). TThe iidea uused
inexpensive pparts ssuch aas LLEDs aand ppush-
buttons tto ccreate aan eelectronic ddice bboard,
which tthe eengineer nnicknamed mmicrodice, oor
“μDice.” AA bbasic cconcept wwas uused ffor tthe ddesign
— push aa bbutton aand aa vvalue bbetween 11 aand 66 iis ddisplayed oon sseven LLEDs cconnected
to oone oof tthe pports. TThere iis nnothing ooverly ccomplex aabout tthe ccircuit, aand tthe rreal ffun
happens wwhen ddeveloping tthe ffirmware. RRecently, II ssat ddown wwith oone oof tthe μDice bboards
we mmade aand ddeveloped ssome ffirmware iideas tthat aare ddetailed iin tthis aarticle.

PHOTO 1. The board.

Note: The Microchip name and logo,
MPLAB, and PIC are registered trade-
marks of Microchip Technology, Inc., in
the USA and other countries. In-Circuit
Serial Programming, ICSP, and PICkit
are trademarks of Microchip Technology,
Inc., in the USA and other countries. All
other trademarks mentioned herein are
property of their respective companies.
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be downloaded to the MCU using the
PICkit 2 programmer/debugger.

Firmware

I chose to develop the firmware
using the free CCS C compiler that
comes with the current free version
of the MPLAB® Integrated
Development Environment (IDE —
available for download at www.
microchip.com/MPLAB). This allows
for the development of firmware
written in C directly to the MPLAB
IDE. Keep in mind as you read
through this article or refer to the
firmware that some of the pre-
processor directives and functions
are compiler-specific and will only
work in the CCS environment.

It is a good idea to download
the CCS compiler reference manual

from the CCS website (www.ccs
info.com). This manual outlines 
all compiler-specific pre-processor 
directives,  as well as a
library of functions that can
be used to minimize code-
development time. I also
suggest downloading a
copy of the PIC16F57
datasheet from www.micro
chip.com and keeping it
handy, so that you can
reference such things as
register addresses and
control bit manipulation.

As for the code, 
initializing device/control
registers, getting the inputs,
and outputting them to

the LEDs is fairly straightforward.
The pushbutton states are polled 
periodically, and a debounce delay is
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FIGURE 1. μDice schematic.

FIGURE 2. Linear
feedback shift register
used in μDice project.
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implemented to eliminate pushbutton
contact-bounce issues.

The interesting part of the
firmware actually lies in determining
the output values to the LED displays.
In order to make sure that this dice
algorithm produces a truly random
result, I decided to use a random
number generator (RNG). There 
are a number of software RNG 
algorithms out there. In fact, the CCS
library includes an RNG function
(RAND()). Initially, I did try using this
function. However, the code that
was generated in the background
quickly ate up my data memory.
Therefore, a different approach was
necessary. I decided to go with 
what is called a linear feedback shift
register (LFSR) algorithm. Figure 2
shows a 16-bit LFSR.

This type of RNG is based off
of a “Taps” system that is described
by a characteristic polynomial. Each
of these tap positions indicates what
bit positions within the LFSR itself
will be XOR’d with a shifted out bit.
Remember how the XOR operation
works — if two bits differ (e.g., 1 and
0), then the result is 1. If the bits
are the same (e.g., 1 and 1 or 0
and 0), the result of the XOR
operation is 0. 

As shown in Figure 2, the
algorithm starts by shifting the LFSR
bit by bit. The shifted-out bit is
then XOR’d with the new value at bit
position 16, since this is where a
tap is located. The result of that
operation is then XOR’d with the
next tap at bit position 5 and so
on, to the tap at bit position 2. The
one-bit result of all these XOR
operations is placed at bit position 1
and the process starts over. 

Repeatedly performing this 
operation should generate seemingly
unpredictable, subsequent values in

the LFSR. This LFSR style of RNG is an
example of a pseudo-random number
generator. This means that, if 
scrutinized closely enough, one
would observe a definite pattern in
the sequence of values generated. 
The trick here is to make these 
values seem to occur randomly.

An idea 16-bit RNG should 
generate 216 – 1 = 65535 values
before repeating a value (not counting
zero). The secret is to make sure that
a characteristic polynomial of maximal
length is chosen. Maximal length 
simply means a tap sequence that 
will generate the longest possible run
of sequential values, before the
sequence repeats itself.

Some basic rules are applied to
selecting a maximal length characteris-
tic polynomial:

1) There should be an even number of
taps.

2) The polynomial should be relatively
prime and irreducible (the polynomial
cannot be further reduced).

I chose the polynomial and tap
sequence shown in Figure 2. To imple-
ment this in software, I first declare 
a 16-bit integer variable named 
LFSR and initialize it to 1. I realized I 
needed to save the most significant bit
before the register is shifted so that it
can be XOR’d with bits located at the
tap positions. This is accomplished by
declaring a one-bit variable of type
int1 named Output_bit. To identify
the tap locations, the #bit directive is
used to name individual bit locations
in the LFSR as follows:

#bit LFSR_16 = LFSR.15

Why am I assigning LFSR.15
(bit 15) to LFSR_16? This is to avoid

confusion in the code. Different bit
numbering conventions are used
between the characteristic polynomial
and the compiler. The compiler
(and PIC16F57 datasheet) identifies
a 16-bit register as bits 0–15, while
the polynomial identifies these
same bits as 1–16. The randnum_
generator() function performs the
LFSR algorithm to generate each value
as follows:

1) First, the 16th bit of the current
value in the LFSR variable is saved to
the Ouput_bit variable.

2) The contents of the register are
then shifted left by one.

3) The Output_bit is now XOR’d with
the new contents of LFSR to generate
the least significant bit in the register
as follows:

LFSR_1 = ((((Output_bit ^ LFSR_16)
^ LFSR_5) ^ LFSR_3) ^ LFSR_2);

4) If at some point the LFSR register is
filled with zeros, the XOR operation
will no longer work, and the algorithm
will fail and produce an endless 
series of zero values. Therefore, this
condition will need to be taken care 
of using a conditional IF statement to
reseed the LFSR with decimal 1 to
restart the sequence.

if (LFSR == 0b0000000000000000)
LFSR = 1;

The randnum_generator() exe-
cutes immediately on any RESET or
power-up and continues to execute,
so long as the MCU has power. This
idea stems from the basic operating
theory of slot machines. A slot
machine constantly runs a RNG
while there is power to the machine.
Once the user hits a button or pulls a
lever, the current random number is
stored, compared against a table of
possible output combinations and
the result displayed accordingly.
Using this basic methodology, as
long as the dice application is run-
ning, a random number is generated.
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FIGURE 3. Excel-generated graph of
sequential contents in LFSR register.
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As soon as one of the pushbuttons is
pressed, the current value in the
LFSR is stored and used to generate
an output.

A mod by 6 operation is
performed on the saved LFSR value
(i.e., LFSR % 6). This divides the
contents by six and discards all
other information, except for the
remainder. For example, if the LFSR
value is 35, moding by 6 produces
a remainder of 5. Likewise, moding
30 by 6 produces a remainder of 0.
The result of the mod operation is
used to select one of six values
stored in a 1 x 6 array called DIE[6].
The array holds the predefined
values that will be used to set or clear
individual port pins to light the
appropriate LEDs, according to the
determined dice side.

Testing tthe RRandom
Number GGenerator

To test how random the 
values generated by the randnum_
generator() are, I implemented the
Stimulus tool using the SIM simulator
within the MPLAB IDE. In the Stimulus
window, there are a number of
options. The “Register Trace” option
enables you to take subsequent 
contents of a register in data memory,
and store them into a .txt file during a
simulation.

In order to ensure that only the
values you want are written to the .txt
file, a tag will be needed. Basically,
what you want to do is create a
dummy function that contains no

code. Call the dummy function just
before the variable register value you
are interested in changing. Setting the
dummy function as the Program
Counter (PC) value (in the Register
Trace window) denotes when and
what to write to the .txt file. At the end
of the simulation run, this text file can
now be imported into a spreadsheet
application (such as Microsoft Excel)
and graphed.

The resulting graph for the LFSR
RNG used in this application is
shown in Figure 3. Clearly, this is a
visual method to check for repetitive
sequences. Granted, checking
65,535 graphed values would be
quite the task. However, this is a
good, quick way to look for any
obvious, periodic repetition that
may exist. The resulting graph should
look like noise. In fact, the noisier
the graph, the better the random
number generator is.

Exploring some of the statistical
functions in Excel allows for a more in-
depth look at the RNG. For example, I
ran the Histogram Data Analysis tool
from tools>>Data Analysis in Excel to
check the frequency of occurrence for
each value in the test period that I
graphed (refer to the Help files in
Excel for more information). The
resulting analysis is shown in Table 1.
Note that each value is identified as
part of a bin (statistical term for 
the value whose occurrence is being
analyzed).

Spicing TThings UUp

The application is basically 

complete at this point and it could be
left as-is. However, what is life without
a little spice?

Implemented in the firmware’s
Check_button() function, I include
two WHILE loops. The first loop
takes the current LFSR value when
a pushbutton is pressed, modifies it
by 6, assigns the new value to a
variable DIE_OUT, and increments it
by one for the duration of the loop,
until the pushbutton is released. The
DIE_OUT variable is eventually used
to display the final value on the LED
display for either dice. This adds
user interaction as a variable to
the final output value. Not only that,
but a simple 50 ms delay is included
in the loop and the output to
the buzzer is toggled, so that each
time through the loop, a 1/50 ms =
20 Hz clicking sound is produced
(mentioned previously).

The second loop occurs
immediately after the pushbutton is
released, and once again implements
the buzzer output toggle. However,
this time a variable called Tumble is
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PHOTO 2. Back view. PHOTO 3. Front view.

TABLE 1. Results of histogram analysis
of example random number generator.

Bin Frequency
0 1,568
1 1,555
2 1,526
3 1,566
4 1,560
5 1,598
More 0

TABLE 11
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initialized to 30 and then decrement-
ed by one each time through the
loop. The Tumble variable is
subtracted from the delay each time
through so that the loop slows from
1/10 ms = 100 Hz down to 1/40 ms
= 25 Hz, gradually slowing the
buzzer’s clicking sound before the
firmware outputs a final dice-side
value to the LED display.

In this way, we can imagine
the first loop simulating the shaking

of the die while the pushbutton is
pressed and the subsequent rolling
of the die when the pushbutton
is released. I also included some
code to generate a sequential
output of the values loaded in the
DIE[6] array to the corresponding
LED display in time with the rate of
each loop.

Additionally, the PIC16F57 comes
with a low-power SLEEP mode.
Placing the device into SLEEP reduces

current consumption to approximately
1 μA. Since there is no ON/OFF
switch on the dice, the only way
to remove power and preserve the
two AAA batteries is to physically
remove them. Therefore, to make for a
more robust and efficient application,
a counter variable Time_2_SLEEP is
decremented with each overflow of
the eight-bit Timer0. If Time_2_SLEEP
reaches zero, the CCS compiler’s
specific function SLEEP() is executed
and the device powers down. If
at any time during this algorithm
a pushbutton is pressed, the
Time_2_SLEEP variable is reloaded
and SLEEP is avoided.

Once in SLEEP mode, pushing the
RESET button connected to the
MCLR/Vpp pin will RESET the device,
wake it from SLEEP, and start code
execution over from the beginning.
The time it takes before the microcon-
troller enters SLEEP is entirely base
upon what value you initialize the
Timer_2_SLEEP variable to.

Final TThoughts

Even though a simple little circuit
is used, the addition of an MCU
enables the implementation of code
with varying degrees of sophistication.
Try playing with and testing the 
characteristic polynomial for the RNG
using some of the techniques used in
this article.

Typically, manufacturers of
gaming equipment will run tests for
days just to ensure the effectiveness
of a random number generator.
You could get fancy and delve into
standard deviations and statistical
analysis. Just explore the Data
Analysis tools in the software you are
using to generate your tests. Refer to
the add-ins for Excel if these or other
analytical tools are not present on
your computer.

Remember, more than one
characteristic polynomial will work for
a register of a given size. Just be sure
to follow the rules to develop a
polynomial of maximal length. There
are also other LFSR configurations
out there you may wish to use. Roll
the dice and let your imagination
run wild! NV
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Top Selling Kits

Great Kits for 
Electronics Enthusiasts

Clock Watcher’s Clock
KC-5404   $82.95 + post & packing
KC-5416   $110.25 + post & packing
This amazing clock uses an AVR driven circuit, and
produces a dazzling display with 60 LEDs around the
perimeter. It looks amazing, but can't be properly
explained here. We have filmed it in action so you can see
for yourself on our website www.jaycarelectronics.com.
Kit supplied with double sided
silkscreened plated through
hole PCB and all board
components as well as the
special clock housing! 
Available in Red or Blue
Red KC-5404
Blue KC-5416

10A 12VDC Motor Speed Controller
KC-5225   $17.95 + post & packing
Ideal for controlling 12V DC motors in cars such as fuel
injection pumps, water/air intercoolers and water
injection systems. You can also use it for headlight
dimming and for running 12V DC motors in 24V vehicles.
The circuit incorporates a soft start feature to
reduce inrush currents,
especially on 12V
incandescent lamps.
Includes PCB and all
electronic
components.

Smart Fuel Mixture Display for
Fuel Injected Cars
KC-5374 $17.95 + post and packing
This kit features auto dimming for night driving,
emergency lean-out alarm, and better circuit protection.
Another great feature is the 'dancing' display which
operates when the ECU is operating in closed
loop. Kit supplied with PCB and all
electronic components with clear
English instructions.
* Car must be fitted with

air flow and EGO sensors
(standard on all EFI
systems) for full functionality.

Handy Helpers

Build-Yourself 
Electronic Project Kits

Post and Packing Charges

•ORDER ON-LINE
•ALL PRICING IN

US DOLLARS
•MINIMUM ORDER

ONLY $25

Fujiya 175mm Screw Removing Pliers
TH-2330 $12.50 + post and
packing
Remove screws even with
completely stripped heads. Simply
grab the screw head with these
Japanese made pliers and turn.
Beautiful.
• 175mm long
• Soft grip handle

Waterproof (IP67) LED 
Lighting Modules
Each $5.75 + post and packing
Endless possibilities - backlighting signs, strip
lighting in stairwells & passageways, boats, garages
etc. Supplied as 10 x 3 LEDs module, 10 modules,
with 500mm flying leads for termination. Each
module is spaced at approximately 110mm between
centres.  Simply connect up a 12VDC 600mA supply
and away you go. 
Two types available
ZD-0490  White
ZD-0492  Blue

Low Voltage Battery Warning
KG-9000 $6.00 + post and packing
This circuit monitors any battery
voltage between 3-15 volts. Whenever
the voltage falls below a
predetermined value a Red LED
lamp lights up to alert you. Uses
a tiny amount of power from the
battery being monitored. Use it
for monitoring all sorts of battery
systems and avoiding battery damage.

Check out the Jaycar range in your FREE Catalog - logon to

www.jaycar.com/catalog
or check out the range at 

www.jaycar.com

1-800-784-0263
(Monday - Friday 09.00 to 17.30 GMT + 10 hours only)

For those who want to write: 100 Silverwater Rd
Silverwater NSW 2128 Sydney AUSTRALIA

Order Value             Cost
$25 - $49.99 $7.50
$50 - $99.99 $20
$100 - $199.99 $40

Looking for a particular KIT?
Checkout Jaycar’s extensive range.
We have kits and electronic projects for use in:

• Audio & Video
• Car & Automotive
• Computer
• Learning & Educational
• Lighting
• Power
• Test & Meters
• General Electronics Projects

- just for fun!

Order Value            Cost
$200 - $499.99 $60
$500+ $75

Max weight 12lb (5kg). Heavier parcels POA.
Minimum order $25.

Note: Products are despatched from Australia, so local
customs duty and taxes may apply.

How to order:
Phone: Call Australian Eastern Standard Time Mon-Fri
on 0800 032 7241
Email: techstore@jaycar.com
Post: PO BOX 6424, Silverwater NSW 1811. Australia
Expect 10-14 days for air parcel delivery

430+ pages
ALL prices in USD

KC-5459 $37.75 + post & packing
Put those old CD-ROM drives to good use as CD players
using this nifty adaptor kit. The adaptor  accepts signals
from common TV remote controls and operates the audio
functions of the drive as easily as you would control a
normal CD player. Kit features a double sided PCB, pre-
programmed micro controller, and IDC connectors for the
display panel. Supplied with solder masked and screen
printed PCB and all required electronic components.

Audio Playback Adaptor for CD-ROM Drives

Light-Sensitive Switch 240VAC 10A
AA-0326 $5.00 + post and packing
Turn a mains powered device on or off
according to the ambient light level. Ideal
for garden lighting or security applications.
The controller is weather resistant
and includes a mounting bracket.
Approx 80mm high.

45 Second Voice Recorder Module
KC-5454   $23.25+ post & packing
This kit can be set up to record two, four or eight
different messages for random-access playback, or a
single message for ‘tape mode’ playback. It provides
clean, glitch-free line-level audio output suitable for
feeding to an amplifier or PA system. It can be powered
from any source of 9-14V DC. Supplied with silk screened
and solder masked PCB and all
electronic
components.
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In the September 1969 issue of
Popular Electronics Magazine, Don
Lancaster presented a color organ

which he called Psychedelia I that I
thought was the coolest thing I had
ever seen. A color organ — as you may
know — is a device that splits music up
into numerous frequency bands and
modulates colored lights (typically
one color of light per band) according
to musical content. In honor of Don
Lancaster (my electronics hero) I
named this color organ, Psychedelia II.

In Don’s design, all of the 
functions of the color organ were
done with analog circuitry, typical of
the time. Don coupled transistorized
active filters for frequency selectivity
to triac, solid-state switching devices
to control 110 VAC incandescent
lights. All in all, a very nice design.

The problem I have with all analog
color organ circuits I have ever seen or
built is that as the musical material
applied to the color organ changes,
manual adjustments need to be made

to sensitivity controls on each channel
to achieve a pleasant, balanced 
display. This constant adjustment gets
old after a while, so fixing this 
problem was one of the motivations
for designing a digital color organ.

The other motivation was to
implement the design with a very
small but powerful microcontroller
(see Photo 1) using a development kit
from Texas Instruments that cost just
$20. When I started down this path, I
wasn’t sure it was possible. I now
know it was.

There is analog circuitry in my
design, as well. In fact, the complete
audio front end is analog. What is
different about this design is that all of
the frequency selectivity is provided
by digital filters in the digital domain
and the output devices are now low
voltage super bright LEDs instead of
incandescent bulbs. In addition, a
digital automatic gain control (or
AGC) was included to allow the
color organ to adjust itself to varying

musical material.
I described some of the

technology used to implement
this color organ in two previ-
ous articles for Nuts & Volts
Magazine. See the articles
entitled, “Floating Point
Multiplication and Division
without Hardware Support”

and “Lattice Wave Digital Filters” for
additional background information.

How It Works

This color organ has both hardware
and software (firmware) components.
Each will be described briefly here. For
this discussion, the term microcontroller
has been abbreviated as μC.

The Hardware
As shown on the schematics, the

hardware consists of three sections:
the analog front end, the power supply
section, and the output section. The
analog front end is where the audio
signals from either a built-in condenser
microphone or a stereo line input are
processed in preparation for analog-to-
digital conversion inside the μC.

The built-in microphone has its
own high gain pre-amp whose gain is
controlled by trimmer pot R5. Stereo
line level input signals are summed
into a mono signal as this color organ
is a mono device. Whichever audio
source is selected for use, its 
bandwidth is limited to less than one
half the sampling frequency of 16,000
samples/second as required by the
Nyquist criteria.

Numerous first order low pass fil-
ters distributed throughout the circuitry,
along with a second order Sallen-Key
active filter, help limit the bandwidth to
reduce aliasing effects when the audio
signal is digitized. All of the analog 
circuitry runs single ended from a single
five-volt power supply.

Power for the color organ is 
provided by a wall wart power supply
which provides between 8 and 12

A Digital Color Organ
by Craig A. Lindley

PHOTO 1. TI products used
for the color organ. The
MSP430F2012 target board 
in the upper left is the brains 
of the color organ. Its four 
pin connector plugs into the 
TI eZ430 USB development
system, lower middle, for
programming and debugging.
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VDC, depending on the load. Diode
D1 prevents the DC power source
from being connected backwards and
causing damage. The raw DC is sent to
the output section for powering the
LEDs in the display. Two voltage regula-
tors provide 5 VDC for the analog and
TTL circuitry and 3.3 VDC for power-
ing the MSP430F2012 target board.

On the output side, the
74HCT139 demultiplexes the pulse
width modulation (PWM) signal from
the μC used to control LED brightness.
All four outputs are inverted in prepa-
ration for driving the output switching
transistors. NOTE: 74HCT technology
is required for reliably interfacing the
3.3 volt logic outputs of the μC with
the five volt logic which follows.

Each color channel is driven by a
switching power transistor. Resistors in
each channel limit the current flow to
around 200 mA to equalize maximum
brilliance between channels. Resistor
values in the output channels differ as
a result of the differing forward 
voltage drops across the different 
colored LEDs. The output transistors
run only slightly warm to the touch so
heatsinks are not required.

There is hardware internal to the μC
used by the color organ. Specifically:

1) A 10 bit analog-to-digital converter
(ADC) is used to digitize the audio
with a sampling rate of 16,000 
samples/second.

2) Timer A is used to generate 
accurately timed PWM pulses to 
control the brightness of each output
channel independently.

3) The watchdog timer functions as a
general-purpose timer to generate
periodic interrupts used to synchro-
nize the display process.

As you can see, the μC provides
a lot of useful hardware for this
application.

The Software
The complexity of this color organ

is in the real-time nature of the soft-
ware. There are three distinct threads of
execution at work: the main thread, the
sample acquisition and processing

thread, and the display thread. (Consult
the program listing for the details.)

The Main Thread

The main thread starts every time
the μC powers up and performs all
hardware and application initialization
including:

1) Setting up the port bits needed to
drive the output demultiplexer.

2) Setting up the ADC for operation
and configuring a pin on the μC for
analog input.

3) Setting up the watch dog timer for
generating periodic interrupts.

4) Setting up Timer A for PWM 
operation.

5) Initializing application variables.

6) Enabling interrupts.

7) Putting the ADC into the automatic
single channel sample acquisition mode.

With initialization complete, the
main thread enters an infinite loop
doing nothing forever.

The Sample Acquisition
and Processing Thread

This is where time-critical activi-
ties occur. You can visualize this code
as having one input (the new sample)
and four outputs (the output of the
four color organ channels). This 
code runs 16,000 times per second.
Each new sample is subjected to the
following processes:
• Noise Gate — The noise gate 
monitors each newly digitized sample

to make sure it is above a minimum
value before being allowed to pass.
Values smaller than the minimum are
replaced with a zero valued sample.

• Decay Processor — The decay
processor monitors the sample stream
for long runs of zero valued samples.
Two things happen when a lull in the
audio is detected. First, all of the filter
delay elements are reset to terminate
any ringing of the filters and second,
the AGC gain variable is set to unity
(Gain = 0) causing the AGC processor
to restart its gain control function. The
decay processor guarantees the 
display goes dark between songs and
in low volume passages.

• The AGC Processor — The AGC
processor is made up of two parts: the
AGC gain control element and the AGC
state machine (SM). The SM can be con-
sidered the brains of the AGC processor;
the gain control element, the brawn.

A Gain value of zero indicates
unity gain and the samples flowing
through the gain element are
untouched. Each incremental value of
Gain causes a sample to be left shifted.
If Gain is 4, samples are left shifted four
times for a gain of 16. The AGC manip-
ulates sample amplitude by applying
more or less gain to the samples as they
flow through the AGC Gain element.

There have been many AGC
designs over the years, but I may have
invented a new variety by using a state
machine to control gain. To understand
the operation of the SM in detail, 
you should consult the code listing.
Basically, the SM runs every sample
period and has a total of four states. The
SM runs to completion every 1/16th of
a second or every 1,000 samples.

The result of the SM execution is
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Color Organ
Band Filter Type Frequency Filter Method Response

Graph

Low Low pass 115 Hz Chebyshev Figure 1

Low-Mid Band pass 600 Hz Cauer/Elliptic Figure 2

Mid-High Band pass 2.4 kHz Cauer/Elliptic Figure 3

High High pass 6.2 kHz Chebyshev Figure 4

All filters were designed using LWDFDesigner.java, discussed in a previous article.

TABLE 1
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the manipulation of the Gain variable
used to control the AGC Gain 
element. The value of the Gain 
variable can change by at most, one;
each execution of the SM which
allows the gain to change up to 16
times a second as different program
material is applied to the color organ.

• Digital Filters — The four channels of

the color organ represent four bands
of frequency selectivity implemented
using third order lattice wave digital 
filters. Each acquired sample is
processed by all four filters. Table 1
gives the specifics.
• PWM Processing — The final step in
the real-time processing of samples is
the conversion of the filter outputs
into a form that can drive the PWM

hardware in the μC. The following
operations are required:

1) Sample value replaced by its
absolute value.

2) Sample is compared to a min
threshold and, if smaller, is replaced
by a value that causes the channel to
remain off during its display period.

3) Sample value is clipped to a 
maximum value, if required.

4) Sample value converted into a range
necessary for the PWM hardware.

5) Processed sample is stored in mem-
ory for the display process thread.

The Display Thread

The display processor is executed
every 256 microseconds by the
watchdog interrupt. One channel 
of color organ output is done each
interrupt. The display processor 
(see wdt_isr in the listing) performs
the following operations:

1) Disables Timer A’s PWM output line.

2) Determines which channel of out-
put to display from the value of Slot.

3) Sets the output port bits to select
the appropriate output channel from
the demultiplexer.

4) Fetches the processed PWM value
for the selected channel and loads it
into Timer A’s compare register.

5) Resets Timer A’s counter and starts
the PWM output.

6) Increments Slot and returns from
the interrupt.

Four new values of processed
PWM data are stored in memory
every 62.5 microseconds but the 
display processor only picks up one of
these values every 256 microseconds
for display.

FIGURE 1. Low band filter.

FIGURE 2. Low mid band filter.
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Real Time and μC
Resource Analysis

During the design of the software,
I had to determine if the MSP430F2012
μC had the performance necessary to
handle the color organ’s real-time
requirements. Specifically, with the μC
clock running at 16 MHz and a sample
rate of 16,000 samples/second, there
was a maximum of 1,000 instruction
cycles available per sample period.
Luckily, many of the instructions (all
register to register instructions) execute
in a single cycle. When I did my initial
calculations, I found the processor was
over-committed by some 20%, mean-
ing the processing of the audio samples
were taking longer than real time
allowed. Needless to say, this is bad.

The easiest fix for this real-time
overage would have been to eliminate
one of the color organ’s channels, but I
was reluctant to do that. Instead, I decid-
ed to optimize the real-time software 
so it could execute completely in the
allotted time. Optimizations included:

1) Moving 95% of the code in-line to
eliminate almost all subroutine calls
and returns.

2) Moving all of the real-time code
directly into the interrupt service 
routines.

3) In-lining code for small subroutines
that were used in multiple places in the
code. In other words, I used additional
code space to boost performance.

With these changes, I estimate the
color organ is now using roughly 95%
of the available CPU cycles. If you plan
on making changes to the software,
please keep this fact in mind.

In terms of the hardware internal
to the μC, it is all being used except for
a few port lines. There are about 240
unused bytes of code (Flash) memory
remaining and, assuming a maximum
of five levels of subroutine nesting (the
stack uses RAM), there are about 57
remaining bytes of RAM. I think it is
safe to say this color organ application

uses up the MSP430F2012 μC almost
completely.

Building One

This color organ can be built for
approximately $100. MSP430F2012
target boards are available from TI
(three for $10), but you will have to
program them with the code provided.

I made a 12” cable that plugs between
the USB development hardware and
the target board so I could program
the μC in place after the color organ
was built. You could, of course, 
program the μC first and then attach it
to the color organ. Note two things:

1) Resistor R1 on the target board
should be removed to prevent a power

FIGURE 3. High mid band filter.

FIGURE 4. High band filter.
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supply conflict between the color
organ and the USB development hard-
ware. Removing this resistor means the
target board will always be powered
by the color organ’s power supply.

2) There is an LED on the target board
which will be on while the color organ
is operational. The LED can be
removed if this is a problem.

Build the color organ using the
schematics and parts list as your
guides. I used wire wrap, but you can
build it anyway you choose. I built the
main controller portion of the color
organ on one pref board and the out-
put section on another, but they could
have been built on a single board.

Six connections are required
between the target board and the
color organ. Since the I/O pin holes on
the target board are on .1” centers (the
same as the perf board I was using), I
pushed wire wrap pins through the

perf board in the proper
positions so that the 
target board could be 
slid on and soldered. The
wire wrap pins not only 
provide the electrical con-
nections but also provide
the physical support for
the target board.

I packaged the color organ in a 
triangular box I purchased. The box
seemed about the right size for the 40
LEDs I was going to use for the display. I
replaced the glass front that came on the
box with diffusion plastic from the hard-
ware store. The plastic I used causes the
LEDs to appear like fuzzy circles of color
about 1-1/4 inch in diameter. The back
panel of the box has convenient swivel
tabs that lock into slots on the box which
make taking the color organ apart and
putting it back together very easy.

The LED leads were bent around
toward the LED and glued directly to
the box’s rear panel. I laid out the LEDs
in geometric patterns, but you can lay
them out anyway you want. Wire-wrap
wire was used to connect the LEDs
together and to the output board.

The color organ’s control panel
was built from a piece of sheet metal.
The control panel has the line input
jax, a condenser microphone, the
mic/line switch, and the power switch.

I decided to hard-wire the power sup-
ply to the unit, so I drilled a hole in the
back panel and ran the power supply
wire through it. I then tied a knot in
the wire inside the box for strain relief. 

Once your color organ is assem-
bled, do the following:

1) Plug in the wall wart and turn on
the power switch to check the power
supplies. You should have 3.3 VDC, 5
VDC, and a high voltage output
between 8 and 12 VDC. If there is a
problem with a power supply, find and
fix it before continuing. Check for
power and ground at each socket
before installing the ICs.

2) Program the μC with the provided
software.

3) With the μC programmed, you
should see the LED on the target
board light up (assuming you haven’t
removed it yet). It should come on
with the power and stay on indicating
the display processor is running.

4) Perform an initial calibration of the
microphone preamp’s gain. This can
be done by connecting a headphone
through a capacitor (10 μF will do) to
the preamp output and adjusting the
trimmer for no distortion. After your
color organ is working correctly, you
may need to back down the preamp’s
gain so the color organ’s display is not
completely saturated when the mic
source is selected.
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PHOTO 2. Color organ
controller board. The μC
target board is on the left
side of the board. Power
supplies are built across
the bottom.

PHOTO 3. The color organ is built onto the rear 
panel of the display box. The wire out of the bottom
is connected to the wall wart power supply. The 

output board is on the left, the control panel is in 
the middle, and the controller board is on the right.

PHOTO 4. Rear view of the color organ. Black spot on the top 
left of the control panel is the condenser microphone. Below it 

is the line input jax. Next is the mic/line switch and furthest to the 
right is the power off/on switch. You can see the swivel tabs that 

lock the back panel into place.
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5) Connect a line input source and
connect your headphone/capacitor
between the arm of the mic/line
switch and ground. You should hear
the output of the microphone in the
mic position and hear the line input
source in the line position.

Once these checks are successful,
you should have a working color organ.

Conclusions

I would say this color organ proj-
ect was successful. The color organ
performs the function it was designed
to do and illustrates what can be done
using DSP techniques on a very small
μC Is the software perfect? Probably
not, but it works. Does the color organ
look cool in operation? Yes, it does.

The experience using the TI devel-
opment tools was a very pleasant one.

The $20 development kit and the pro-
vided software worked without a hitch
and proves that TI has indeed brought
μC development to the masses.

I do hope some of you build the
color organ. It may not be the ‘60s any
longer, but it is still fun to watch lights
flashing to your favorite music. NV

PHOTO 5. Front view of the color organ.

FIGURE 5. Color organ
controller schematic.
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FIGURE 6. Color organ
output schematic.

ITEM DESCRIPTION NOTES
• C1,C4,C5,C6,C8 4.7 μF capacitor
• C2,C13,C15 0.1 μF capacitor
• C3 230 pf capacitor
• C7 0.022 μF capacitor
• C9 0.01 μF capacitor
• C10 0.02 μF capacitor
• C11 0.04 μF capacitor
• C12,C14,C16 47 μF capacitor Polarized
• R1 4.7K resistor 1/4W 5%
• R2,R6-R8,R13,R14 1K resistor 1/4W 5%
• R3,R4,R9,R10 20K resistor 1/4W 5%
• R5 1 meg trimmer 10 or 20 turns
• R11,R12 1.6K resistor 1/4W 5%
• R15 270 ohm resistor 1/4W 5%
• R16,R18,R20,R22 470 ohm resistor 1/4W 5%
• R17 22 ohm resistor 1W
• R19 18 ohm resistor 1W
• R21,R23 6.8 ohm resistor 1W
• D1 1N5819 diode Optional reverse voltage

protection diode
• D2,D33-D42 Blue LEDs RL5-B4630
• D3-D12 Red LEDs RL5-R5015
• D13-D22 Yellow LEDs RL5-Y5030
• D23-D32 Green LEDs RL5-G5023
• J1 Stereo 3.5 mm/1/8” jax Line input connector
• J2 Two wire power jax Optional
• J3/J4 Inter-board connections Optional
• M1 Condenser microphone Jameco #160979
• Q1-Q4 2N4921 switching/power Heatsinks aren’t necessary

transistor
• SW1 SPDT Mic/line switch
• SW2 SPST Power off/on switch
• U2 LM2940CT Five volt, one amp voltage regulator
• U3 LM3940IT 3.3 volt, one amp voltage regulator
• U4 MSP430-F2012 uC target board. Available from TI. 

(See Resource sidebar.)
• U1 LM324 Quad op-amp
• U5 74HCT139 Two to four demultiplexer
• U6 74HCT04 Hex inverter/buffer

COLOR ORGAN PARTS LIST

The color organ source code
file — colororgan.s43 — is
available from the Nuts &

Volts website at
www.nutsvolts.com.

Information on the Texas
Instruments eZ430
development kit is

available at
http://focus.ti.com/docs/

toolsw/folders/print/
ez430-f2013.html.

The LEDs used in this project
were purchased from

www.superbrightleds.com.

Other parts for this project
were purchased at Jameco

and RadioShack.

RESOURCES

Craig A. Lindley can be
contacted via email at

calhjh@gmail.com

CONTACT THE
AUTHOR
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BEST SCOPE & LOGGER SELECTION!

Color LCD Scope

Owon - 25MHz 2-ch +

trigger standalone USB bench

scope with 7.8” color LCD.

Battery powered optional.

PDS5022S $349  

PDS6062T $599

Handheld Scope

20MHz or 60MHz rugged

handheld USB scope with 3.8”

color LCD.  Built-in meter -

great for your tool kit.

HDS1022M (20MHz) $499

HDS2062M (60MHz)       $699

World’s Fastest

ZeroPlus - Intuitive full-featured

16-channel with 4mb memory.

Sophistcated triggering. I2C, SPI,

and UART monitoring. Includes

clipleads, USB cable and software.

LAP-16128U                           $299

6 in 1 Scope

6-in-1 USB scope adapter! 200kHz 2-ch

10-bit scope, 2-ch spectrum analyzer,

2-ch chart recorder, 16-ch 8MHz logic

analyzer, 5-ch signal gen, 8-ch pattern

gen. SPI/I2C/1-w/UART decoding.

PoScope with probes             $199

2/4ch 12-bit USB scopeLow-Cost Scope

Logic Analyzer

Thermocouple Logger

Ethernet Temp/HumEMC Spectrum Analyzer

100/200/300MHz DSO Scope + Analyzer 15/20MHz Wfm Gen20/40MHz AWG

DMMVoltage Data Logger

Line Tester

100MHz DSO

Wireless Data Loggers USB Bus Analyzers

Automotive Testing

60/100/120MHz AWG

www.saelig.com

1-888-7SAELIG
c h e c k  f o r  s p e c i a l  o f f e r s !

info@saelig.com

585-385-1768 fax

FREE COFFEE

Call 1-888-7SAELIG
Mention Offer# SBW

to get a free 
Starbucks Card 
with your order!

While supplies last - 

not available with any other offers

USB Temp Logging8/16ch Voltage LoggerUltimate Temp Logger

n e w  p r o d u c t s  e v e r y  d a y !

Be
st

Sell
er

PS5204 - 2-ch 250MHz Scope with

128 MS/s and real-time sampling of

1GS/s. Adv triggering. 250MHz spec.

analyzer and 125MS/s waveform gen.

PS5203  32MS buffer                         $2237

PS5204 128MS buffer $3360

2-Ch 20 MS/s 2 MHz 8-bit

scope adapter with 32 kB

buffer and USB 2.0 (fast

screen updates) with case &

probes. 

PS2202 Bundle                $387

EMC Spectrum Analyzer

Pico USB TC-08 - USB connected

and powered 8-ch thermocouple

data logger.  Samples at up to

10 readings/s with built-in

CJC for -270oC to +1820oC. 

USB TC-08                        $466

Pico - New 2/4-ch 12-bit 20MS/s

USB2.0-connected/powered

scope adapters. Scope, FFT,

and meter displayed at once

with included software.

PS3424 / PS3224 $1398 / $793

Pen Scope

PS2105 - 25MHz USB pow-

ered scope - i n -a -p robe !  Up

to 100MS/s,  24kS buffer C/VB/

Delphi/LabView/VEE drivers.

PS2105 (25MHz, 100MS/s) $372

PS2104 (10MHz, 50MS/s)   $234 

PS3206 - Is an impressive 2-ch

200MS/s 8-bit PC scope adapter

- 10GS/s for repetitive signals!

No power supply needed, simple

USB 2.0 connection

PS3206 Bundle $1574

PicoScope 3206

EMC RF & EMF Spectrum -

Analyzer 1Hz to 7GHz for measuring

transmissions from radar, radio/tv

towers, WLAN, WiFi, WiMAX,

Bluetooth, microwave ovens, etc.

from $299 / $1999 

USB1.1/2.0/WiMedia analyzers

and now - EX260 can test

USB3.0 5Gbps too! Emulate

host/device, verify compliance.

TR110 / EX200 / EX260

$999 / $2999 / CALL 

TTI - high speed/accuracy AC

power analyzer to 16A for easy

product power-compliance

measurements. Measures/displays

1st - 40th harmonics in real time.

HA1600A                          from $2899

Automotive Diagnostics - Award-

winning Pico kits turn your PC

into a powerful vehicle-electrics

diagnostic tool. 2 & 4 ch.versions for

components & circuits.

PS3423 automotive kit       $2293

Pico USB ADC-11 - USB

powered 11-ch voltage data

logger - 10kHz sampling

rates with digital outputs for

control or alarm. 

USB ADC-11/12 $178

DLP - Low cost, USB-powered

digital sensor. Easily monitor

temperature/humidity/dew

point from USB port.

DLP-TH1 $99

Log and display temperature,

humidity, voltage, event-time or

pulse-counting data up to 100

meters away from base station.

RTR-50 modules from $170

RTR-57U base               $399

T&D - Networked logger for

remote ambient measurement.

Send email or phone warnings if

thresholds exceeded. Optional

WiFi for remote installation.

TR-72W                               $489

PT104 - 4-ch temperature

logger with 0.001°C resolution,

0.01°C accuracy using platinum

PT100 sensors. Also measure

resistance and voltage.

PT104                          $747

Join our huge list of
satisfied customers:

Intel, Philips, Maxim, GM,
GE, NEC, Kodak, Xerox,
Nokia, TI, Harris, Sony,

Pelagic, Sandisk, HP,
General Dynamics,
US Military, etc.

Customers

"Thanks for your

excel lent customer

service and dedication

to f ind ing and

represent ing un ique

manufacturers ... "

K.R.

Comments

100MHz 2-ch 400MS/s DSO

2000 wfm/s refresh rate.

Ultra Compact Design with

small footprint saves bench

space.

DS1102C                     $999

100MHz  2-ch /16 logic scope

and logic analyzer. 2000 wfm/s

refresh rate. See waveforms and

logic data simultaneously. Trigger

on data or signal edge.

DS1102CD                         $1499

100/200/300MHz 2 ch, 2GS/s DSO

2000 wfm/s refresh rate. Ultra

Compact Design with small footprint

saves bench space. DS1102A   $1295

DS1202A                                 $1595

DS1302A                               $1995

15/20MHz USB 14-bit Function/

Arbitrary wfm Generators. 10 built-in

wfms; FM, AM, PM, FSK, SWEEP

and BURST; 6 digit 200MHz

frequency counter.

DG1011 / DG1021   $650 / $795

25/40MHz USB 14-bit ARB w. USB

RS-232, LAN/GPIB. 10 built-in

wfms; FM, AM, PM, FSK, SWEEP

and BURST; 6 digit 200MHz

frequency counter.

DG2021A/DG2041A $995/$1495

60/100/120MHz USB 14-bit ARB

w. USB RS-232, LAN/GPIB. 10

built-in wfms; 6 digit 200MHz

frequency counter; opt. 16-ch

gen.            DG3061A    $1895  

DG3101A/DG3121A       $2795/$3995

6 1/2 digit 50KS/s, 2MS mem. Opt.

16-ch mux.  Automeasure DC/AC,

2/4-wire R, C, Continuity, Diode,

Frequency, Period, Ratio, Temp,

Sensor, High/Low Limit Math.

DM3061                          $795

...a new name in high-end,
high reliability, value-
priced test gear: RIGOL. 

(pronounced ‘regal’)
Formerly the Far East
partner of a large scope
company we can't name,
Rigol produces the best
quality/value LCD scopes
available on the market today.

Announcing...

20-bit 8-ch / 24-bit 16-ch USB

voltage logger w. control output.

Galvanic isolation from the PC

eliminates noise.

ADC-20 (20 bit)                     $321

ADC-24 (24 bit)                   $747

Handheld PalmPC-based 2.7GHz

Spectrum Analyzer. Continuous/

single/peak-hold/avg sweeps -

unlimited storage for wfms, set-ups,

etc. Built-in Wi-Fi/Bluetooth/IR.  

PSA2701T                         $1990

Mixed-Signal  PC Osci l loscope
100 MHz  Scope and Logic Analyzer

lets you do complex triggering to find

hard-to-get-at glitches, spikes, etc.

Huge 4 or 8 MS buffer for deep data

drilling and zooming.  Optional built-in

swept signal generator. 2 Analog

channels x 10, 12, 14 bit with more

than 60 dB dynamic range. 8 digital

inputs for mixed signal display/trigger.    

CS328A-4 (4MS Buffer)  $1149

CS328A-8 (8MS Buffer) $1642

CS700A (signal generator) $249

NEW
!

RI
GOL

NEW
!

RI
GOL

NEW
!

RI
GOL

Also LOTS of other products such as:  Antennae, Barcode
Readers, Cables, CANbus/LINbus products, Data Loggers,
Digital Audio / DSP Filters, Embedded PC's / Controllers, EMC
shielding, enclosures and tents, Ethernet boards and serial
cable converters, FATfile Chips / Boards, GPS loggers,
engineering  Software, I/O Boards & Modules, I2C boards and
controllers,  ICs (USB, Ethernet, RFID),  Industrial PC's, OLED
/ LCD Displays kits, Logic Analyzers, Motor Control, MP3
boards, Panel Meters, Polystyrene Capacitors, Power Supplies,
Radio / Wireless modules, Robots, RS232/422/485 Adapters,
SMD Adapters, Surge Protection / Isolation,  USB-serial and I/O
boards, Video, VMEbus boards, Web Servers, etc.

NEW
!

RI
GOL

NEW
!

RI
GOL

NEW
! 

RI
GOL

NEW
!

RI
GOL

NEW
!
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Part 22
In tthe ffirst ppart,
we ssaw tthat tthere
are tthree mmain
components tto aan
analog ppower ssupply:
input ppower
conversion aand
conditioning,
rectification aand
filtering, aand
regulation. WWe
examined tthe ffirst
two ccomponents aand
in tthis aarticle wwe
will eexamine tthe
regulation aaspect.
We wwill cconcentrate
on tthe bbasic tthree-
terminal rregulators
that aare ccheap aand
easy tto oobtain.

Basic AAnalog
Power SSupply

Design
However, it should be remembered

that many of the basic design
aspects of three-terminal regula-

tors apply to any analog regulator
design. In this article, a zero to 30
VDC, zero to one amp, current limited
power supply will be developed. The
basic cost for parts is under $25.

Basic TThree-TTerminal
Regulator

Figure 1 shows a conceptual
design of a three-terminal regulator.
(We will limit our discussion to positive
regulators because the negative regula-
tors are virtually the same, other than
polarity.) It is important to appreciate
how this works in order to properly
understand and apply analog regulator
concepts. Fundamentally, the regulator
is a negative-feedback servo system.
The resistor and zener diode provide 
a stable voltage reference to the 

non-inverting input of an op-amp. The
inverting input of the op-amp measures
the output. If the output is higher than
the reference, the op-amp slews
towards a lower voltage.

Conversely, if the output is lower
than the reference, the inversion of the
op-amp’s input drives the base of the
transistor harder to allow a higher 
voltage to pass. This design concept 
is pretty straightforward (although 
implementing it can be fairly complex).

There are a number of points
about this basic design that need 
discussion. The first is that the pass
transistor is acting as a variable resistor.
It reduces the input voltage by limiting
the current. As you can imagine, a 
fixed resistor in this situation must be
able to dissipate plenty of heat, so it’s
the same for the transistor. We will
examine this in more detail later.

The second point is that there is a
voltage drop across the pass transistor.

All bipolar semiconductor
junctions display this
effect. This means that
the input voltage must 

FIGURE 1. The basic
approach to the three-
terminal regulator is a
simple negative feedback
op-amp circuit. Although
in practice, it’s a bit more
complicated than this.

by Gerard Fonte
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be higher than the
output voltage for proper operation.
For the standard three-terminal volt-
age regulators, this voltage is about
1-2.5 V, depending on temperature
and current drawn. (However, for
proper design purposes the 2.5V
“drop-out” voltage should always be
employed.)

If the desired input-output voltage
difference is less than this 2.5 V, 
the circuit will no longer have the
headroom to regulate properly 
and drop out of regulation. (There 
are other “low-dropout” or LDO 
regulators available that can operate
with much less input-output differen-
tial — some as low as 0.1 V. However,
care must be taken to provide proper
capacitive loading or else they may
not function properly.)

The third point is that it takes
some small amount of time for an
output change to propagate through
the op-amp and transistor (loop
delay). During this time, the output 
is not being properly regulated.
Obviously, the faster the op-amp and
transistor, the shorter this transient
will be. However, manufacturing
fast, high-power transistors is not easy
or cheap.

Additionally, the faster the transis-
tor and op-amp circuit is, the more
prone to oscillation it is. Having your
power supply oscillate is not a good
thing. Most three-terminal regulators
have a transient response (closed-loop
delay time) of about 30 μs.

The last point concerns adjustable
voltage regulators (Figure 1 shows a
fixed-voltage regulator). Without 
getting into a long technical discus-
sion, it is difficult to provide a stable
and cheap reference voltage below
1.2 V. This limits the minimum output 

voltage of adjustable regulators.
However, we’ll see a cheap and easy
solution to this problem, later.

Additional CComponents
Needed

For the fixed voltage regulator,
only an input and output bypass
capacitor (connected to ground) are
required (typically 0.1 to 1.0 μF).
These are to stabilize the op-amp 
in the regulator. If the large filter
capacitor is in close physical proximity
(less than 6”) to the regulator input,
then the input bypass capacitor can
be omitted.

In theory, the output capacitor
can also be omitted. But if your circuit
to be powered just happens to have
a load capacitance of 500 pF to
5,000 pF, then the regulator might
oscillate. Using a 1.0 μF output bypass
capacitor forces the op-amp into a
stable operating mode. It is always a
good idea to spend a few pennies on
this to be sure you have a reliable
power supply.

Figure 2 shows the proper design
for an adjustable regulator. The input
and output bypass capacitors (Ci 
and Co) are the same as in the fixed
regulator implementation.

The two resistors (Rb and Radj)
are required to choose the output
voltage. Typically, Rp is set at 240
ohms to provide a proper current
(typically about 50 μA) into the
feedback of the op-amp. Radj is
used to vary the output to the
desired value. The capacitor connect-
ed to the adjustment pin (Cbyp)
is used to improve ripple/noise
rejection. This is especially useful if
the raw DC input is coming from a

switching power supply which is
typically quite noisy.

The diodes are used to protect
the regulator against unexpected 
voltage reversals. If the input should
be shorted to ground, capacitors on
the output and/or the adjustment pin
will still maintain their voltage. They
will then discharge backwards through
the respective pins towards the input.
This can destroy the device.

If there is no adjustment bypass
capacitor used (Cbyp), then the Dadj
can be omitted. If you are sure that
the device being powered will never
have 10 μF or more load capacitance,
then Do can be omitted, as well.

Adjustment CCalculations

It is important to remember that
(for adjustable regulators) the 
adjustment pin acts as a non-inverting
feedback point to the internal op-amp.
As such, the op-amp will do whatever
it can to maintain the voltage on this
pin (which is specified to be 1.25 volts
below the output). So if we apply a
voltage (through a resistor) to this pin,
the output will go up. If we short this
pin to ground, then the output will fall
to about 1.25 volts. If a negative 1.25
volts is applied, then the output will
go all the way to zero volts.

Generally, a voltage divider is
used to pass some of the output 
voltage back into the regulator to set
the output voltage (as shown in Figure
2). The equation is Vout = Vref (1 +
Rp/Radj) + (Iadj x Radj). Vref is 1.25 V
as noted above. The second term (Iadj
x Radj) is the error correction for the
1.25 V reference. Generally this is
quite small and is often ignored. If this
is ignored and the typical value of 240
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FIGURE 2.
The practical

implementation
of the LM317

adjustable regulator
requires a few

additional
components

for optimal
performance and

reliability. The
text describes the

additional parts
and their function.

FIGURE 3. By
substituting the load
for the adjustment
resistor, the LM317
becomes a current
regulator (the voltage
changes according
to the load). This is a
very useful circuit
that is not often used.
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Ω is used for Rp, then the equation
becomes Vout = 1.25 (1 + 240/
Radj). Usually, this is accurate to
within a few percent.

A curious thing happens
when we replace Radj with a
power load instead of a resistor
(see Figure 3). The output voltage
varies with the load. We see that
this makes sense because the
power load variation is acting as a
variable resistor. The result is that
the current to the load remains
fixed but the voltage varies. In
other words, the voltage regulator
has changed into a current regula-
tor. Instead of a constant voltage,
we have a constant current.

It is easily seen that the maxi-
mum current allowed depends
upon Rp. If Rp is made 1.25 Ω, then
up to a full amp of current can be
supplied. Note that this current is
limited by the 1.5 A maximum 
output of the regulator and the 
maximum output voltage obtainable
(which depends upon the input 
voltage). This current regulation is 
a very useful feature (of these 
regulators) that is not often used.

Power DDissipation

Basically, the regulator acts like
a variable resistor in series with the
power supply. The amount of power
dissipated is simply the voltage 
difference between the input and
output pins times the current 
drawn. This creates some interesting
situations.

For example, suppose you
provide 35 V to the input of an
adjustable regulator and expect to
draw one amp at five volts and
also at 32 V. At five volts, there
will be a 30 V drop across the
regulator. With an amp of current,
the regulator will have to dissipate
30 W while providing five watts to
the load. It’s only 14% efficient. At

32 volts, there will be a three volt
drop which means that the regulator
must dissipate just three watts while
supplying 32 W to the load. This is
91% efficient.

It is clear that keeping the input
voltage as close to the output as 
possible results in better efficiency
and less heat. (Note that with an input
voltage of 35 V and a current require-
ment of one amp the total power used
will always be 35 W. The more power
the load uses, the less the regulator
must dissipate.)

Often times, multiple voltages are
needed for a circuit. There is nothing
wrong with placing a five volt 
regulator after a 10 V one. In this way,
the voltage drop for the five volt 
regulator is shared between two
devices. However, if the two voltages
have significantly different current
requirements, this approach may not
be optimal. (You can use Ohm’s Law
to calculate the effective resistance 
of the regulator given the desired 
voltage and current. The power is then
calculated to be the resistance times
the current squared.)

Applying tthe TTheory

We can now combine the infor-
mation from the two articles to build a
practical power supply. We’ll start
with a basic supply and then discuss
how to change it to add features that
may be useful. Figure 4 provides a
practical circuit for an adjustable, 
current limited and voltage regulated,
one amp power supply that goes from
zero volts to about 30 volts. (This 
particular circuit has proven to be very
useful and adaptable in a number of
high-reliability designs for my clients,
usually with fixed current limit and
fixed output voltage.)

The raw DC circuit was described
in detail last month and will not be 
discussed further except to note a 
few minor changes. The power trans-
former is now specified as a 24 volt,
center-tapped, 1.0 to 1.5 amp device
instead of 25.2 volts at two amps. The
reason for this change is three-fold.

The first is that some regulators
are limited to 35 V (most others
are rated to 40 V and there is a high

Basic Analog Power Supply Design

FIGURE 4. This is a nice bench power
supply that provides 0-30 volts at
one amp. It’s also current limited to
help eliminate unnecessary smoke
generation in your circuits. Meters to
monitor the voltage and current can
be added, if desired.
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voltage version — LM-317H — that
can go to 60 V). Note that this is
technically the voltage differential
between input and output, not
from input to ground. If the output is
maintained above ground, then the
input can be higher.

However, for a general-purpose
power supply you must assume the
output will be shorted to ground from
time to time. This means that the input
voltage must be limited to about 37 V
because there will be about 1.4 V
dropped by the bridge diode and 
an additional 2.5 V dropped by the
current regulator.

Also, there is no reason to provide
two amps of primary DC current if the
maximum output is rated at one amp.
(Note that the rating is less than the
absolute maximum the circuit can pro-
vide.) The third reason is for regulator
heat control. This is also the reason 
for the added switch which will be 
discussed in more detail below.

The main filter capacitor has been
reduced from 10,000 μF to 4,700 μF
because the power supply current
specification has been reduced from
two amps to one amp.

The adjustable current regula-
tor is just three parts: an LM-317, a
fixed resistor, and a variable resistor.
The fixed resistor is necessary to limit
the current through the resistor string.
Obviously, as the resistance gets
lower, more current flows. With a 1.25
V differential between the output and
adjustment pin, the one ohm fixed
resistor limits the current to 1.25 A.

If this resistor was eliminated and
the adjustable resistor was set to 0.1 Ω
for example, the current would be
(theoretically) 12.5 A (using Ohm’s
Law). This would either destroy the IC
or cause it to shut down from thermal
overload. Neither is good.

Also, the power through that
small resistance would be 15.6 W
(power is equal to current squared
times resistance). This would burn
the variable resistor. By forcing a
minimum of 1.0 Ω in the circuit,
the current is limited to a maximum
1.25 A and the variable resistor is
protected.

The worst case power dissipated
by the fixed resistor is 1.25 W. A

three watt resistor (rather than a 
wo watt device) is chosen to be 
conservative. The worst case power
requirement of the variable resistor
occurs when it is equal to the fixed
resistor or 1.0 Ω.

In this instance, there will be
about 0.4 W of power through it. This
means that a one watt potentiometer
is adequate, but a two watt unit will 
be used to be very conservative.
Remember, it’s better to spend a little
bit extra on the power supply than to
spend a lot on ruined circuits.

The voltage regulator section is
simply the design from the beginning
of this article. The only change is to
use a variable resistor (R6) instead of a
fixed resistor (Radj).

Heatsinking is an important issue.
The voltage regulator must be able to
dissipate up to 32 W of power, worst
case. This creates a significant 
problem. The typical TO-220 case is
limited to 15 W as per the spec sheet.
One poor solution is to reduce the
maximum power rating to about 0.5 A
for lower voltages. This is changing the
specs to match the design instead of
designing to match the specs. There is
another approach that requires a bit
of creative engineering that will be
detailed below.

Curiously, the current regulator is
very efficient. The voltage drop is 
typically 2.5 V (worst case) so the
maximum power dissipated at one
amp is 2.5 W. A simple and inexpen-
sive clip-on heatsink is sufficient here.

Fixing tthe HHeat PProblem

As noted, there is too much heat
to be dissipated at low voltages. The
problem comes from the large voltage
drop from the input to the output of
the regulator. The solution is to use 
a center-tapped transformer and
switch between taps. Center-tapped
transformers are common and 
generally cost no more than non 
center-tapped transformers.

When the switch is connected to
the top end of the transformer, the full
voltage is applied to the rest of the 
circuit and the full range of voltages is
possible. As long as the current draw
is kept below about 0.5 A, there will

be no heat problem. However, if the
power supply needs to provide a high
current at a low voltage, the switch is
used to connect to the center-tap and
reduces the input voltage by 50%.
Thus, only about 18 volts is applied to
the rest of the power supply.

So, if five volts at one amp is
needed, then only 13 W of power
must be dissipated by the regulator as
heat (instead of about 30 W). This
allows the standard TO-220 style reg-
ulator to be used within the specified
limits. (If you want to get fancy, 
you could monitor the adjustment
voltage and use a separate circuit to
automatically switch between the
transformer windings.)

Fixing tthe MMinimum
1.2 VVolt PProblem

Most people want a power supply
to go all the way to ground. It turns
out that there is an easy way to
accomplish this: just add two diodes
in series with the output. Each diode
drops the voltage by about 0.7 V
(depending on load). So, two diodes
will reduce the output by 1.4 V. In
actual operation, only about 1.0 V is
dropped at no load. This makes the
minimum output no load voltage 0.2
V. This is virtually zero.

If you really want to, you can 
add another diode in series to drop
the output further, but it seems 
unnecessary. The resistor to ground is
included to drain off any leakage
through the diodes. Without the 
resistor, the output can float up to the
voltage applied to the diodes.

It should be noted that you can
pull the output of the regulator to
ground if you apply a negative voltage
to the adjustment pin. This is some-
what complicated if a negative voltage
is not easily available (as in this case).
The addition of two diodes is a quick
and easy fix.

Minimum CCurrent DDiscussion

As noted on the schematic
shown in Figure 4, the minimum 
current limit is about 5 mA. For 
virtually all applications, this is not a
problem. Very few components will
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be damaged with 5 mA applied to
them. However, if the voltage is set to
30 V, then 150 mW of power is 
present at the output. This could be
too much for some components. It
must be remembered that the voltage
regulator uses some current for its
operation (in addition to the current
dissipated during the process of regu-
lation). As it happens, the regulator
draws about a constant 5 mA with a
30 V input, regardless of the voltage
output setting. Therefore, while the
current regulator provides a minimum
of 5 mA, this current is used by the
following voltage regulator and it is
not seen at the output to a great
degree (although in certain special
cases it might be). This is not a perfect
solution, but it is reasonable.

If desired, a larger current 
adjustment resistor (R5) can be used.
A 1K potentiometer will reduce the
minimum current out of the current
regulator to about 1 mA.

Adding MMeters

It’s always nice to be able to
measure the voltage output and 
current used. Adding a voltmeter is
simple. Just place it across the output
to measure the voltage.

The current meter is a bit more
complicated. You can place an 
ammeter in series with the output to
measure the current used. This will
work most of the time. The problem is
with the series resistance added by
the meter. Depending on the meter,
this might affect the circuit you are
powering. Basically, it increases the
power supply impedance. This is 
especially true for low current ranges
where the series resistance may be a
hundred ohms or more (my cheap

meter has 800 Ω of resistance on the
500 μA scale).

If you don’t mind an error of a few
mA, there is a very convenient place
to measure the current. All you have
to do is measure the voltage across
the leads of R4 in the current limiting
circuit. This is a one ohm resistor 
and will provide one volt per amp of 
output current.

The basic accuracy depends upon
the precision of the resistor. A 1%
resistor will be accurate to 1% except
for the few mA used by the voltage
regulator circuit that follows. (Note
that you can measure small load 
currents by noting the current before
connecting the load and after it 
has been connected. The difference is 
due to the load. Your basic limitation
here is the ability to measure small 
voltages. Five mA of current will pro-
vide only 5 mV across the resistor.)

The proper method of measuring
the output current is to add a 
small series resistor to the output and
measure the voltage drop across it
(just like we did with R4). Typically,
this resistor is 0.1 Ω or less and
requires a bit of careful design. There
are current monitor ICs available for a
couple of dollars that greatly simplify
the problem of converting a current
into an easy to measure voltage.

Conclusion

Understanding basic analog
power supply concepts allows the
design of a robust, general-purpose
power supply for under $25.
Adjustable three-terminal regulators
are inexpensive and their shortcom-
ings can be compensated for without
too much trouble. Higher current and
higher voltage regulators are available
so that larger power supplies can 
be built.

Instead of providing only a circuit
diagram and instructions, these two
articles have attempted to provide a
foundation of information needed to
help anyone design a power supply
for their own needs. Power supply
design is a basic skill every engineer
and hobbyist should have. After all,
every project needs to be powered in
some way.  NV

Basic Analog Power Supply Design

ITEM DESCRIPTION
R1 30K 1W
R2, R3 10K
R4 1.0 Ω 3W
R5 250 Ω 2EW adjustable
R6 5K

Resistors 1/4 watt 5% unless
otherwise specified

Power SSupply PParts LList
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MANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax YOUR LIST.

NO MINIMUM ORDER • All Orders Can Be Charged to Visa, Mastercard, American Express or Discover • Checks and Money Orders Accepted by Mail •
Orders Delivered in the State of California must include California State Sales Tax • NO C.O.D • Shipping and Handling $7.00 for the 48 Continental United
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping  •  Quantities Limited  •  Prices Subject to change without notice.

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

14928 OXNARD ST., VAN NUYS, CA 91411-2610

FAX  (818) 781-2653 • INFO (818) 904-0524

E-MAIL allcorp@allcorp.com

QUALITY Parts   
FAST Shipping   

DISCOUNT Pricing
CALL, WRITE, FAX or E-MAIL
for a FREE 96 page catalog. 

Outside the U.S.A. send $3.00 postage.

ALL
ELECTRONICS
ALL
ELECTRONICS
C O R P O R A T I O N

Shop ON-LINE www.allelectronics.com
ORDER TOLL FREE 1-800-826-5432

SPECIAL - ULTRABRIGHT
GREEN LED

SHINY METAL MIRROR

4.7 FARAD, 2.5 VOLT 
MEMORY DYNACAP

4.36" x 2.15" x 
0.03" thick. Shiny, 
reflective metal 
mirror. An auto-
mobile visor, or 
towel dispenser mirror. 
A nice piece of plated metal. 
May have decorative application. 
CAT# MIR-22

5   $100for100 for 15¢ each

THIN 3.5MM STEREO / AUDIO
CORD (GREAT FOR iPHONE)
A great cord for 
connecting an iPhone 
to another audio 
device. Right-angle 
plugs. The 1' long 
cord is ultra-thin 
and flexible and, 
unlike most other 
3.5mm plugs, they 
have a small 
diameter shank that 
fits the recessed jack 
on iPhones.
CAT# CB-400 $200

each

12VDC 3.33A SWITCHING
POWER SUPPLY
Hipro # HP-O2040D43
Input: 100-240Vac
Output: 12Vdc 3.33A
Table-top style 
switching power 
supply. 5 ft output 
cord with ferrite bead 
for EMI suppression. Terminated 
with 2.5mm coax power plug, 
center positive. Includes three-prong IEC
detachable power cord. UL, CE. 
CAT# PS-1233 $1575

each10 for $15.25 each

7-SEGMENT DISPLAY

High-capacitance. Slowly releases charge 
to provide back-up power in temporary 
shut-down situations. 0.50" dia. x 
1.26" high. Leads on 0.2" centers. 
CAT# CBC-18 $385

each100 for $3.00 each

Bright green 
5mm diameter 
(T 1 3/4) LED. Water-clear in off-state. 
CAT# LED-128

75¢
each

100 for 55¢ each
1000 for 40¢ each

Fairchild # MAN71A.  0.3" high 
red character with decimal point. 
DIP package fits 14-pin DIP socket. 
Common anode. Large quantity available.
CAT# SDA-71

35¢
each

25 for 30¢ each
100 for 25¢ each

SOLDERLESS BREADBOARD
Design and change 
circuits quickly and 
cleanly. Accommodate 
all sizes of dips and 
discrete components 
with lead diameters up 
to 0.032". Interconnect 
with solid hook-up wire 
(#22 AWG recommend-
ed). Wires and com-
ponents can be used 
and re-used many 
times without damage to board or compo-
nents. 400 tie points. 300 contacts on main
board and 50 contacts on each of two power
distribution strips. Distribution strips are
removable.
CAT# PB-400 $400

each

2 AMP “SMART” BATTERY
CHARGER / MAINTAINER
Black & Decker® VEC080BD. 
2 Amp charger / 
maintainer for 
lead-acid batteries. 

* 2-stage high-
efficiency charging 
technology provides a faster, 
safer charge than older type 
conventional chargers. Charges with high 
efficiency pure DC current.

* Keeps stand-by batteries fully charged
* Automatically switches from full-top charge to
float mode monitoring. Charges automatically.

* Quick Disconnect Harness - Fast connects 
for hardwire ring terminals, battery clips or 
cigarette-type plug

* Red, Yellow, Green LED Charging Indicators
* All solid state circuitry    * UL listed
* Includes Multi-use 3 connector set - Battery 
clips, Accessory plug, and 
Battery Ring Terms 
CAT# BC-80   

$2195
each

SOLAR POWERED 
GARDEN LIGHT
Easy-to-install garden 
lights. Because they're 
solar powered, no wiring 
is required; just push stake 
into ground and you're ready 
to go. Solar-cell on top of light 
charges battery during daylight 
hours. Light comes on 
automatically when darkness 
falls. The illumination of the 
lamp is not particularly bright, 
but it is adequate to mark a path. 
Light source is one white LED, 
which is multiplied with the help 
of the serrated plastic globe. Includes one
rechargeable AA Nickel-cadmium battery. 
CAT# SPL-09 $475

each
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This is the ultimate starter setup, as
most of these software tools are

free. You can download the PICkit 2
command-line software from www.
microchip.com/pickit2. The down-
load is a zip file, so you need to 
download it and then unzip it into a
location on your hard drive. The final
step is to connect the PICkit 2 to the
USB port on your PC, and then set up
the PICkit 2 in the MicroCode Studio
IDE for that one-click compile/
program feature most of us want.

PICKIT 2 SETUP
The steps to set up the PICkit 2 in

MicroCode Studio are easy, once you
know what to do. First, open
MicroCode Studio, and then click on
the “View > Compile and Program
Options” selection as shown in Figure
1. The window shown in Figure 2
should appear.

The next step is to click on the
“Add New Programmer” button to cre-
ate the PICkit 2 setup in MicroCode

Studio. Figure 3 shows the “Add New
Programmer” window that appears.
The “Create a custom programmer
entry” should already be selected, so
click on the “Next >” button.

A second “Add New Programmer”
window will appear with a blank line.
Enter the name you want to appear in
the programmer selection window
when you select your programmer at

compile time. I chose to call it simply
“PICkit2,” as you can see in Figure 4.

After you enter the programmer
name, click the “Next >” button and
the “Editing PICkit2” window will ask
for the PICkit 2 command-line exe-
cutable. If you chose a different name,
the window title will show the name
you selected. The command line 
executable for the PICkit 2 is the

PICs
■ BY CHUCK HELLEBUYCK

THE LATEST IN PROGRAMMING MICROCONTROLLERS

I HAVE GOOD NEWS FOR ALL THE USERS of Microchip Technology’s PICkit 2
programmer who want to use it with an Integrated Development Environment
(IDE) other than Microchip’s MPLAB® IDE. Microchip has released a DOS command-
line option for the PICkit 2, and I’ve successfully used it with the MicroCode
Studio IDE from Mecanique (www.mecanique.co.uk) and microEngineering
Labs’ PICBASIC PRO™ sample version (www.microengineeringlabs.com).

PICKIT™ 2 COMMAND-LINE
OPTION

GETTING STARTED WITH

NOTE: MPLAB and PIC are registered
trademarks of Microchip Technology, Inc.,
in the USA and other countries. PICkit
is a trademark of Microchip Technology,
Inc., in the USA. All other trademarks
mentioned herein are property of their
respective companies.

■ FIGURE 1. Programmer Set-up
Menu Option.

■ FIGURE 2. Programmer Set-up Window.

■ FIGURE 3. Add New Programmer
Screen. ■ FIGURE 4. Enter PICkit 2 in Window.
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pk2cmd.exe file that was included in
the zip file you downloaded. You
don’t have to know where it is for this
step but, when you click on the “Next
>” button, the screen in Figure 6 will
pop up asking for the file location.

You have a choice in how you
want to find the “pk2cmd.exe” exe-
cutable file. You can have MicroCode
Studio search for the command line
automatically, or you can manually
select it yourself if you remember
where you put it on your hard drive.
The manual option is a lot faster.

COMMAND-LINE
OPTIONS

The next step I’m going to
describe is the most critical and 
the most difficult, because these are
the command-line options that will 
transfer the PIC you are using and the
.hex file that the compiler just created

to the PICkit 2, prior to starting the
PICkit 2 command-line executable.
The command-line options include
both the PICkit 2 and MicroCode
Studio format options, combined. It
took me several tries to get this right.
The line you enter may vary from what
I show below, depending upon how
you want to use the PICkit 2.

-PPIC$target-device$ -F$hex-file
name$ -E -M -Y –Y

The “Readme for PK2CMD.txt”
file that downloaded with the
“pk2cmd.exe” file explains all 
the PICkit 2 command-line options. I 
highly suggest you read this over. The 
command-line options I ended up with
are shown entered into the screen in
Figure 7. Let me explain my choices.

The –P option selects the PIC, but
I wanted MicroCode Studio to pass
that on from its selection window.
MicroCode Studio offers that detail as
a parameter “$target-device$,” but it
doesn’t include the “PIC” in front of
the number (e.g., it shows simply
“16F690,” instead of PIC16F690) so
you have to type that in. This gives us
the “–PPIC$target-device$” part of
the command-line option.

I’m using the PICBASIC PRO
compiler, and the –F option selects the
.hex file from the compiler created.
MicroCode Studio offers the path to
the compiled and assembled .hex 
files through a parameter called “$hex-

filename$.” This part
of the command 
line thus becomes 
“-F$hex-filename$.”

The other com-
mand-line options 
are where you may
modify the setup that

I have. I first added the –E option,
which directs the PICkit 2 to erase the
PIC first, before loading a new 
program. Then I added the –M option,
which directs the PICkit 2 to program
all locations, including program 
memory, the configuration, the 
EEPROM, and the ID memory. You
can do these separately if you 
want just the program memory. The
different command-line options for
these other choices are explained in
the “Readme for PK2CMD.txt” file.

The –Y is the last option I chose
to include in my command line, and it
verifies the device. I would have
thought –V would have been for 
verify, but it does something else,
which is another reason why I 
recommend reading the README file.
As with the –M command, I chose to
have everything verified. The program
memory, configuration, EEPROM, and
ID locations are all verified. You can
do these individually, as well.

You will notice that I added a sec-
ond –Y to the end of the command
line. This is strictly for a delay. When
the command line starts from within
MicroCode Studio, it actually opens a
separate DOS command-line window
as shown in Figure 8, then performs
the erasing and programming rou-
tines, and then verifies the locations.
After the verification is complete, it
quickly closes the DOS command
window that it had opened. The 
problem is it closes the DOS 
command-line window so quickly, that
I could not see if the “Program
Succeeded” and “Verify Succeeded”
messages were displayed. Adding the
second –Y provided enough delay to
allow me to read them.

I later found out that the –M
command actually erases the part
and verifies it also. So a “Program
Succeeded” message means the part
was also successfully erased and veri-
fied. I prefer to see the actual “Erasing
Device” and “Verify Succeeded” 
messages so that is why I still include
the –E and –Y. Therefore, if you add all
this up, my command line actually
erases the part twice, programs in

■ FIGURE 5. Enter PICkit 2
Command Line.

■ FIGURE 6. Find the PICkit 2
Command Line.

■ FIGURE 7. Command Line
Option Window.

■ FIGURE 8.
The pk2cmd.exe
Programming Screen.
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once, and verifies it three times. Overkill, but I get the 
messages I want.

That’s it. Follow these steps and you should have your
PICkit 2 running within MicroCode Studio, with the 
PICBASIC PRO compiler, and have a one-click, compile and
program solution . . . or will you? If everything is perfect,
then you will. However, there are always a few gotchas
when trying to do something new like this.

NOTHING’S PERFECT
If, for some reason, the PICkit 2 command-line 

interface has a problem, then an error message will appear.
However, the window will close so fast that you won’t see
it. I haven’t figured out a way to add a delay to the error
messages since they are displayed automatically. This is
one of the shortcomings to the way the command-line
program is written.

If you see the DOS command-line window open and
then close quickly, assume you have an error. To view it,
you have to open the command line yourself and run the
pk2cmd.exe file from the DOS command line (if you know
how to do that). Only then can you see what the error is.
The next step is figuring out what the error(s) mean(s). Here
are a few tips you’ll need to make sure you are successful
in getting this to work.

Make sure your PICkit 2 has firmware level V2.10.00 or
later, otherwise it won’t work with the command-line
option. This is stated in the README file. You can update
the firmware through the command line interface, but I find
it easier to use the GUI interface that comes with your
PICkit 2.

Make sure your board with the PIC installed is powered
separately from the PICkit 2 if you want it to run after 
programming. Even though the PICkit 2 can power a circuit
after the chip has been programmed, the command-line
option doesn’t support that feature. The PICkit 2 under
command line control will only power the board during the
programming operation.

Once you have successfully programmed and verified
your PIC, and have seen the success messages in the DOS
command line window, you will see the DOS window close
but your program will not run in your circuit. This is because
the PICkit 2 is holding the reset or MCLR pin low, keeping
the PIC in reset mode. You have to disconnect the PICkit 2
from the circuit to release the MCLR line, and then 
your program should start to run. You can easily add a 
program/run switch to the MCLR pin on your circuit to
make this easier.

I’m sure the command-line interface will get updated
to correct a lot of these quirks, as this is only version 1.00.
I’m also told that the source code may be made public,
so all of you great PC programmers out there may be
able to do a lot to improve this command-line interface.
As it stands, it can easily be placed in a batch file for
automatic programming if you have several prototypes
to build. The options are endless for this great addition
to the PICkit 2.

CONCLUSION
As you can see, the PICkit 2 just gets better and better.

Now, the ability to use this with a third-party IDE such as
MicroCode Studio opens up a whole new arena for the
PICkit 2. This won’t give you the DEBUG support that the
PICkit 2 offers. That requires you to run the PICkit 2 from
the Microchip MPLAB IDE but, for many beginners, all they
want is an easy path to write a program and one click 
compile and program, so this is a great USB option to do
this for a really low cost. 

There are other USB PIC MCU programmers that have
a command-line interface, but I still like to use the PICkit 2
programmer because of the low cost and simple six-pin
interface. It’s easier to build that six-pin interface on a circuit
board or even a bread board. I have been searching the
web for a DOS version ever since I first started using 
the PICkit 2. Hats off to the team at Microchip who made
this happen. This adds another step to making it easier 
for beginners to get started programming Microchip 
microcontrollers. As usual, email me your comments and
questions. I look forward to hearing about how well this
worked for you. See you next month.  NV

CONTACT THE AUTHOR
■ Chuck Hellebuyck can be reached at chuck@elproducts.com
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ROBOTICSPERSONAL

THE VENERABLE SPIN ART MACHINES popularized in the 1960s and 1970s 
created funky, psychedelic artwork many of us remember from the carnivals
and county fairs of our youth. Simply put, “spin art” is created when paint is
dropped on to a rotating paper, allowing centrifugal force to make streaks of
color. The RoboSpinArt machine updates this concept by making spin art
attractive to the so-called “joystick generation” of today while also adding on
features to the original design.

REELING IN THE YEARS

When I was about 10 years old, a
Halloween carnival came to a park
near my house, and they had a spin
art booth in their Midway. The spin art
machines they used were the pinnacle
of simplicity — a table with a hole cut
in it for a bucket, and a motor in the
bottom of the bucket with a small
bracket to hold a paper card. The
operator would turn on the motor,
and the kids would use various
ketchup bottle type containers to drip
different colors of paint on the card 

as it spun. After a few minutes, the 
operator would turn off the motor and
hand you the finished “painting.” 
At 10 years old, I thought this was
amazingly cool!

Flash-forward a few years (okay,
more like decades) and I’m in my
garage cleaning up a bit with my 10-
year-old son Nicholaus when I came
across a box with various relics of
mine from that time. One item was a
slightly faded cardboard card with the
classic spin art swirls on it. I showed it
to my son enthusing about how it was
made, how much fun it was to make,
and how cool it looked. Giving me the

patented “uh ... sure
Dad” look, he said it
sounded “okay but
kinda boring.” I wrote
off his disinterest at
the time, but his reac-
tion stayed in the
back of my mind.
What was it that
made the difference?
Why was it interesting
to me at 10 years old,
but not to him?

LIVING IN A DIGITAL
WORLD

After the thoughts incubated in
my head for a bit, it occurred to me
that my son isn’t used to dealing with
devices that don’t have some type of
digital user interface. Video games, the
TV remote, microwave oven, comput-
er, cell phone, and MP3 player ... all
the things he uses daily and under-
stands thoroughly have some version
of a digital user interface. Buttons and
joysticks are usually accompanied by
sound effects, LCD displays, voice
prompts, and in many cases, a rockin’
stereo soundtrack. Although as a kid of
10 I was fascinated by the simple spin-
ning colors of the spin art machine, my
10-year-old son was not nearly so
impressed. On reflection, I wondered
if it was the spin art that failed to ignite
his interest or the interface to the spin
art that was a barrier. If we updated
the interface, would the spin art 
suddenly become interesting again?

Coincidentally, all this occurred
about the same time that First Night
Austin (a local, family-oriented New
Year’s celebration) started soliciting
artists for proposals for their annual

ROBO SPIN ART — Retro Art Meets
the Joystick Generation
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■ FIGURE 1.
First sketch of the
RoboSpinArt machine.
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First Night Austin street celebration.
Thinking this the ideal venue for such
an amalgam of retro art techno 
geekdom, I spoke with a few of my
regular cohorts at The Robot Group
and decided to propose “Robo
SpinArt” for First Night. Since I’d
already been thinking about making a
spin art machine of some type, I
sketched up some plans and features
(Figure 1) and sent in a proposal.

After weeks of waiting for an
answer, I just decided to go ahead and
start on the machine myself. I figured
if First Night did say yes, I would need
to have a good head start to ensure
the unit would be ready by New
Year’s Eve. If they didn’t approve the
proposal, at least I would be on my
way to having a cool new project.

MAKING A LIST ...
CHECKING IT TWICE ...

Using the notes from my sketches,
I outlined the functions of the machine.
I started by going over the things the
original old style spin art machine had
and compiling a list of the things I
needed to do to “update” the machine
for the “Joystick Generation.”

• Limit the ammo: One of the first
things to do to improve the machine
would be to limit the amount of paint
available (i.e., 30 drops or shots of
paint). By making sure the kids only
had a limited amount of paint ammo,
I could eliminate paper saturation as a
problem and have a much better
chance of the finished piece having
that classic spin art look. Not only
would this reduce the chance of
someone making a mess of their
paper, it would also cut down on the
amount of paint consumed by the
device in the course of its operation,
thereby keeping operating costs
down. This approach had the added
advantage of reducing the amount of
time kids had to wait to use the
machine since once your ammo was
gone, your turn was over.

• Limit the time: By putting a count-
down timer on the machine, a sense
of urgency is created. If you only have,

say 30 seconds, you need to start
painting quickly. This not only makes it
exciting, it helps with the throughput
of the machine. Kids who carefully
place their shots would know exactly
how much time they have to aim and
fire their paint. I could also use this as
a way to calculate the maximum
throughput when trying to determine
how many kids could be served and
how much paper should be brought
to a given event.

• Arcade style controls: The paint 
firing would be controlled by a series
of arcade quality buttons that could
be used to fire the paint shots. An
arcade style joystick would be used to
aim where the paint would fall. Not
only would arcade-style controls make
the machine more robust, they would
also be familiar to the kids and give
them an intuitive interface to operate
the machine. Each of the buttons also
had a colored cover that would light
up to indicate the pump was on and
what color of paint would dispense
when a given button was pressed. A
paint gantry (reminiscent of a record
player tonearm) would move in an arc
over the bucket to allow the kids to
aim at different parts of the paper.

• Speed control: As a new twist on the
old spin art design, I thought that
since I had both UP/DOWN and
LEFT/RIGHT controls in the joystick, I
could use the UP/DOWN motion to
control the speed of the motor that
spins the paper. Pushing UP on the
joystick would accelerate the paper
causing the paint tendrils to become
thinner and the colors could become
more translucent. Pushing DOWN
would make the tendrils appear to be
thicker and the colors more vibrant
since less paint would be thrown off
the paper. Also, accelerating and
decelerating the motor right as you
drop a paint shot could alter the paint
trajectory as it moved outward on the
paper. This would cause effects such
as swirling or bending paint tendrils.
Having this sort of hidden functionali-
ty was reminiscent of special combo
moves in video games.

• Freeze frame: Another common

problem with the older spin art
machines was the inability to see your
artwork until the motor stopped 
spinning the paper. By the time the
motor had stopped, it was too late to
add paint to a blank portion of the
paper or add a few more paint drops
that might improve the final piece. To
allow the kids to preview their work, I
planned to add high-intensity white
LEDs pointed down into the bucket to
act as strobe lights. These lights would
be timed by an encoder on the motor
shaft that, when activated, would blink
the LEDs one time per rotation of the
paper. This would freeze the image
and let the progress of the painting be
inspected while it was being made.

• Video broadcast: As an added
touch, I thought it might be interesting
to have a video camera in the top of
the machine pointing down into the
bucket so people in line could watch
as the spin art was being made. This
would also help them understand the
operation of the machine, reducing
the amount of instruction required
when it was their turn.

• Card logo and inscriptions: When I
was a boy, it was a standing rule in my
household that when we attended an
event and the event offered souvenirs,
we were only allowed to choose one
that had the event or location written
on it. As it was likely that the spin art
machine would be taken to various
events, I thought it would be neat if 
I could continue this tradition by
inscribing text and placing a graphic
logo on each card. By limiting the 
travel of the paint gantry, I could 
protect the center of the card from
being painted, thereby leaving space
for this inscription. It would then be a
simple matter to pre-print cards for an
event with a logo and some descrip-
tive text. However, there was always
the problem of printing too few or too
many cards for a given event (leading
to wasted cards). To mitigate this, I
planned to print some cards with a
generic graphical logo (i.e., a birthday
cake), and then add text to the logo at
the time of painting (i.e., “Happy
Birthday Sami!”). This would make
creating custom cards easy and
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reduce wasted cards. Parallax had
recently made available a serially 
controlled ink jet kit that, when placed
on a movable arm, could be lowered
into the bucket just before painting to
inscribe text around the logo.

• Sound and music: Lastly, the
machine would need a pair of stereo
speakers and a nice, powerful audio
amplifier in the box so that 
sound effects and the rockin’ stereo
soundtrack would accompany each
turn on the machine. This would help
to complete the arcade experience,
entertain the person painting, and also
draw in a crowd to see what all the
excitement was about.

WHERE TO START?
So, now that the requirements

were all lined up, it was time to start
making things. The first item we
attacked was the method for dispens-
ing paint. In a traditional spin art
machine, the kids are handed a
ketchup-style bottle full of paint. Most

children will simply dump as much of
it as they can on to the paper resulting
in a soggy, saturated, monochromatic
mess. In order to alleviate this 
problem, I needed to have a pump
that could be triggered to dispense a
precisely controlled amount of paint. I
explored a number of pump systems
but finally settled on the peristaltic
pump design.

Peristaltic pumps work by using a
roller bearing to pinch a section of
flexible hose (creating a movable
“seal”) and then moving the pinch
point away from the source of the 
liquid and towards its destination. This
creates pressure in front of the pinch
point and a vacuum behind it. This
style of pump is commonly used in
food preparation and the medical
industry because the pump does not
come into contact with the liquid
being moved.

This is also perfect for pumping
paint because, not only can you very
precisely control the amount of paint
moved, but you would not have to clean
paint out of the pumps at the end of the
day. It seemed a peristaltic pump would
be perfect for operation by a microcon-
troller as I could deliver a precise shot of
paint with each press of a button.

To make the peristaltic
pumps, I turned to Rick
Abbott, a talented “old
school” machinist and long-
time member of The Robot
Group. He hand-built a 
prototype peristaltic pump
out of clear Lucite with 
aluminum pinch rollers and
a continuous motion servo

motor. Although beautiful to behold,
this first pump didn’t work well at all.

Upon careful observation, a 
number of things were apparent. First,
the shaft of the servo motor was 
plastic, and as the pinch roller went
past the unsupported section of the
hose guide (Figure 2), the servo shaft
would bend and the lack of pressure
by the roller against the tube would
cause the pinch seal to fail. When used
to pump water, this prototype would
draw the water about a quarter inch
up the tube; then, when the seal
broke, the water would fall back down.

After some head scratching, Rick
went back to his shop and emerged a
few days later with a new design that
had three pinch rollers, a solid steel
shaft to support the rollers, and dual
bearings to keep the rollers square in
the housing. This way, the servo motor
only had to provide rotational torque,
and the dual bearings kept the pinch
rollers in constant pressure against the
tube. He brought the new pump over
to my house and we tried them out 
on a cup of water. They worked 
beautifully! He then set to work 
making a set of four matching pumps
for the machine (Figure 3).

With the pumps finished, Rick
designed a bracket to hold
the paper in the bucket. He
re-purposed an old pump
motor and machined an
aluminum frame to hold the
paper. We tested this first
design and discovered that
when paint is applied to the
top of a paper card, the
pulp expands and the card
can bow upwards. This
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■ FIGURE 2. Peristaltic pump
prototype.

■ FIGURE 4. The “spinner” frame with
snap-down PVC cover to hold paper.

■ FIGURE 5. Old cabinet
becomes a spin art base.

■ FIGURE 3. Final peristaltic
pump design; loaded and
ready to paint.
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turns the card into a rudimentary
wing which made it fly right out of
the frame! (See the Resources for a
video about the RoboSpinArt
machine that includes the paper
launching into the air!).

This was one of many lessons
we learned while building this
machine. Rick re-designed the 
aluminum frame to have a 
snap-down PVC plastic cover to
hold the paper in place and in 
testing, the paper stayed put for
painting (Figure 4). So, now we
had the basic mechanical parts 
for the machine. We just needed
something to put them in.

BOXING DAY!
As I’m not too handy in the wood-

working arena, I reached out to anoth-
er friend of mine who does carpentry
for a living. I went out to see Bruce
Tabor. Bruce has a fully-equipped 
carpentry shop and he said he could
help out with the project. I brought my
sketches and hoped he would be able
to help convert them into reality. Bruce
happened to have a cabinet base left
over from a project and offered to 
convert it into the chassis for the
RoboSpinArt machine (Figure 5).

After a number of hours cutting
the slanted top, adding some channels
for the Plexiglas, and cutting a hole for
the all-important bucket, a spin art
machine began to take form. (Figure
6). I brought the raw wooden box
home and placed a few parts in it. It
was really beginning to look like a
cool vintage arcade game (Figure 7)!
Before I started permanently mount-
ing the controls, it would need a bit of
decorating. I contacted Denise Scioli,
a local Austin artist (and of course, 
fellow Robot Group member) and she
took control of the decorating. With
the help of some friends, she sanded,
painted, and decorated the box with a
cool, retro-tech, pseudo steampunk
finish (Figure 8).

HELLO WORLD!
Now that I had the box all ready,

I mounted the bucket, the controls,
and the pumps. With most of the
hardware done, it was time to get
busy bringing the monster to life by
writing some software. I started
small, first building a prototyping
platform that would allow me to
start writing and testing software
for the various component parts
(Figure 9). This small board had all
the systems I expected I would
need including:

• Parallax BASIC Stamp II
• Parallax Super Carrier Board
• Parallax Serial Servo Controller
• Rogue Robotics uMP3 Player
• EFX-TEK DC-16
• Hitt Consulting HC4LED display
• RadioShack audio amp
• Arcade buttons from Happ Controls

I wrote some general code blocks
that would let me read the buttons,
run the servos,
change the values
shown on the LED
display, turn the but-
ton lights on and off,
and trigger sound
effects. I spent lots
of time getting the
logic straight, which
for me means build-
ing flow charts of dif-
ferent programming
methods to track the
logic (Figure 10).

Once I had the basic functionali-
ty, I brought the board out to
Dorkbot Austin (see Resources 
section for more info on “Dorkbot —
People doing strange things with
electricity”) for a bit of a preview
(Figure 11). The reaction was 
wonderful! The kids enjoyed playing
with the board, even though all it 
did at the time was blink lights, 
make sounds, and spin servos! Lots
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■ FIGURE 6. Bruce Tabor working
on the top for the box.

■ FIGURE 8. The box after paint
and decorations.

■ FIGURE 9. Software
prototyping board

Rev 1.

■ FIGURE 7.
Finished box
takes up the
whole kitchen table!
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of people were very interested in 
seeing how the final product would
turn out.

IF IT DON’T FIT, DON’T
FORCE IT

Now that I had the basic building
blocks of code, I started to try and
string them together to get true game-
style operation. For starters, I needed
to track four paint shot buttons, four
joystick directions, the number of
paint shots remaining, how long the
pumps ran, which pumps were on,
when they should be turned off, what
sound effects were playing, and how
much time was left before the game
was over! I very quickly realized I was
not going to make all this fit in my
trusty BASIC Stamp II chip.

Luckily, I had a Parallax BSIIp24
chip. This chip has eight memory slots.
I could fit eight times the code into
this chip and it was three times faster
than the BSII. It would be even better
at handling all the complex tasks that
had to happen (in what appeared to
the end user) as being in parallel. This
turned out to be a very good choice
as I soon discovered that, not only did
I need to make the game work as
described above, I had to build other
modes of operation such as “Game
Over,” “Maintenance,” “Setup,” and
“Attract” modes. In my final design,
each of these options received its own
slot in the BSIIp24.

Though the BSIIp24 had more
memory than the BASIC Stamp II, it
still had the same number of pins.
With all the features I was adding, I

was rapidly running
out of I/O on the
chip. I turned to my
friend Paul Atkinson
(yet another Robot
Group member) to
help with the over-
haul of the prototype
board. Paul designed
and etched a PCB to
hold a 74LS165 input
multiplexer to handle
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■ FIGURE 10. Software
Flowchart for pump control.

(A)

(B)

■ FIGURE 11.
RoboSpinArt
designs and

software
prototype board

presented at
Dorkbot Austin.

■ FIGURE 12.
Software prototyping
board Rev 2.
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the pump buttons and the joystick
switches, and we added a Parallax
Serial LCD display to show menus and
settings in the Setup and Maintenance
modes. We finished up by adding a
second Rogue Robotics uMP3 player
so we could have music and sound
effects happen at the same time
(Figure 12).

MUSIC TO MY EARS
Now that the demo board had

proven successful, I needed to start on
the sound effects. I contacted a good
friend of mine, John Richter, who is
(among other things) a rather talented
composer. He has some very cool dig-
ital keyboards and he agreed to make
some “sci-fi” sound effects to accom-
pany the actions of the machine. Over
a course of a few days, John sent me
about 60 different sound effects from
which I pulled 16 to use for the final
sounds. Now, I just had to find that
rockin’ stereo soundtrack.

I had recently discovered
Jonathan Coulton (some of you may
be aware of his hit song “Code
Monkey”), a musician with a huge
online following and some very
rockin’ quirky tech-oriented music that
I had listened to rather extensively
while I worked on the software for the
machine. I sent him an email asking if
I could use his music for the sound-
track part of the project and included
some details about the machine.
Surprisingly, I received an almost
immediate reply that not only gave me
permission to use the music but
declaring the RoboSpinArt machine
“so awesome!” (Figure 13).

IF ONE IS GOOD ...
Now that I had the soundtrack

done and most of the code written, it
was time to put the parts into the 
actual machine and start testing. I had
a build party at my house one 
weekend and invited some of the
roboteers from The Robot Group
(Figure 14) over to assist in putting
together the prototype. We spent the
afternoons transferring the parts from
the proto board into the actual
machine and I spent the evenings
building and soldering the custom
wiring loom (Figure 15). By the end of
the weekend, I had a baseline opera-
tional RoboSpinArt machine with all
the parts mounted (Figure 16). Which
is good because about that time we
finally heard from First Night Austin.

Seems they really liked the idea of
a RoboSpinArt machine. In fact, they
liked the idea so much that they want-
ed to know if we could build two of
them for First Night! Oh, and while we
were at it, could we bring a machine
down for a little PR
event at city hall where
the mayor of Austin
would be announcing
First Night Austin at a
press conference ... this
weekend? Lucky for us,
we had started early so
we were able to show
off a fully operational
RoboSpinArt machine
(Figure 17). At the
press event, several
people took turns 

making spin art while the cameras
rolled (Figure 18), and I had the
opportunity to describe the machine
for some reporters (Figure 19).

ON YOUR MARK,
GET SET ...

The next weeks were spent pulling
late nights and building as much as we

P E R S O N A L  R O B O T I C S
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■ FIGURE 14. P.Y. Hung and Denise Scioli at
the “build party.”

■ FIGURE 15. The author building
the wire loom.

■ FIGURE 13. Jonathan
Coulton making a
RoboSpinArt — In

September 2007, we
brought the RoboSpinArt
machine to the Jonathan

Coulton concert at the
Cactus Cafe in Austin. The
fans waiting in line got to

make spin art and then
Jonathan came out and

made one himelf while the
machine blasted Code

Monkey! A link to a video is
in the Resources section

where Jonathan makes a
spin art and then talks about

the machine while onstage!

■ FIGURE 16. Parts
layout after mounting.
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could as quickly as we could trying to
make a complete second RoboSpinArt
machine from scratch. Rick made a
second set of peristaltic pumps (again
all by hand) and another spinner for

the bucket in record time. Paul 
photo-etched more custom printed 
circuit boards. Many other roboteers
stepped in to help with woodworking,
decorations, painting, circuit board

preparation, and all the other bits
needed to finish the machine.

In the end, we only ended up
with two unrealized features: the
strobe light sync circuit and the
ink jet painting gantry. Though we
did get the ink jet gantry mounted
(Figure 20) and in preliminary
tests we could get it to print the

circular logo (Figure 21), we found we
would need a more precise motor
speed controller to make sure that 
the ink jet wouldn’t underwrite or
overwrite the text due to variations in
speed of the motor that spun the
paper. The solution (a feedback
enabled motor controller) would
require us to rework the shaft 
sensor to provide the feedback.
Unfortunately, it would also require a
reworking of the strobe light timing
circuit to process this new signal.
There just wasn’t time to get it done,
so the strobe effect and the ink jet
would have to wait.

For all intents and purposes, when
the day arrived, we had two fully 
operational RoboSpinArt machines
(Figure 22) ready for First Night. We
set up on the day of New Year’s Eve in
front of City Hall at 10:30 a.m. By
11:00 a.m. we had a line of people
waiting, so we fired up the machines
and started painting. We had a steady
line of folks till 11:30 that night (Figure
23)! The machines ran non-stop (only
changing out the operators) for a full
12+ hours, going through well over
1,600 cards without a single system
failure. It was an amazing success!
Little children, older folks, parents —
everyone loved making spin art!

■ FIGURE 17. The Robot Group
with the RoboSpinArt machine at
Austin City Hall.

■ FIGURE 18. The press had fun
shooting the spinning colors.

■ FIGURE 19. The author
interviewed by KUT radio.

■ FIGURE 20. The
ink jet gantry.

■ FIGURE 21. A test logo
from the ink jet gantry.

■ FIGURE 22. The author with two
working RoboSpinArt machines.
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RESOURCES
■ RoboSpinArt website
www.RoboSpinArt.com

■The Robot Group
www.TheRobotGroup.org

■ First Night Austin
www.FirstNightAustin.org

■ Dorkbot Austin
http://DorkbotAustin.org

■ Jonathan Coulton on RoboSpinArt
video
www.youtube.com/watch?v=
WcovKOzvRTc

■ “RoboSpinArt — Concept to
Concrete” video
www.youtube.com/watch?v=
bEKPDoNCyZk

■ “Ink jet gantry — proof of concept”
video
www.youtube.com/watch?v=
1VzIrBQeaQ0
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AND ... WE’RE BACK!
Since that night, the RoboSpinArt

machines have been a staple at Robot
Group events. We even had one of
them up and running during Maker
Faire Austin (Figure 24). The folks at
First Night were also very happy with
the RoboSpinArt performance. In fact,
they’ve booked us for a return engage-
ment! At this year’s First Night Austin,
our two RoboSpinArt machines will
flank The Ponginator (see Nuts & Volts
December ‘07) which will be making
its inaugural outdoor appearance. We

plan to have the strobe light function
and the ink jet gantries added to the
RoboSpinArt machines by then so, if
you’re in Austin on December 31,
2007, feel free to come by and make
some RoboSpinArt with us! NV

■ FIGURE 23. The crowd formed two
lines at First Night Austin.

■ FIGURE 24. The RoboSpinArt
machine at Maker Faire Austin.
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To operate the RoboSpinArt
machine, a person behind the unit (the
operator) will place a piece of paper on
the turntable. Once the paper is in place
and an artist is ready to begin, the 
operator presses a start button on the
back of the cabinet. At this point, the
RoboSpinArt machine will drop a print
head down onto the paper and inscribe
a circular message onto the paper. After
the inscription, the turntable will spin
up to the accompaniment of music.
Once up to speed, the artist will be
verbally signaled with a countdown of

“three ... two ... one ... PAINT!” At this
point, they may choose to:

• Move the paint gantry left or right
with the joystick.

• Increase or decrease the speed of the
turntable with the joystick.

• Dispense paint using the pushbuttons.

• Activate the strobe light.

Once 30 paint shots or 30 seconds
has elapsed (time and paint shot 
values are adjustable by the operator),
the turntable will spin down and 
the operator is signaled to remove 
the painting. 

The operator unloads the finished
art and then reloads paper for the next
artist. When not actively painting, the
RoboSpinArt will revert to “attract
mode” where sounds and lights will
entice people into trying their hand at
creating art.

With a typical turn-around time
of 1.5 minutes per artwork (20 seconds
to load the paper, 20 seconds to
inscribe the message, 30 seconds
for the artist to paint, and 20 seconds
to remove the paper and hand to the
artist), each RoboSpinArt machine
can entertain approximately 40 people
per hour.

CONTACT THE AUTHOR
Vern Graner can be contacted via
email at vern@txis.com.

ROBOSPINART OPERATION
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Interface a sharp LCD display to your BASIC Stamp® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits available too. See www.seetron.com today.

• 3.2 x 1.4 in. supertwist LCD
• 2400/9600 baud serial
• Low (≈2mA) current draw
• Great with BASIC Stamps®

• 3.2 x 2 in. backlit LCD
• 1200-9600 baud serial
• Advanced protocol, 4 switch inputs
• EEPROM for configuration settings
• Favorite for OEM applications

• 3.2 x 1.4 in. graphics LCD
• 2400/9600 baud serial
• Font and 15 screens in EEPROM
• Easily draw points, lines, screens

• 3 x 2 in. supertwist LCD
• 1200-9600 baud serial
• ESD-protected, 4x4 keypad input
• Store up to 95 screens in EEPROM

ILM-216L

SGX-120L

TRM-425L

BPI-216N

1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635
phone 520-459-4802 • fax 520-459-0623
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DOWNLOAD the HIDmaker FS Test Drive today!

www.TraceSystemsInc.com

301-262-0300

NEW! HIDmaker FS for Full Speed FLASH PIC18F4550

Creates complete PC and Peripheral
programs that talk to each other over
USB. Ready to compile and run!

• Large data Reports
• 64,000 bytes/sec per Interface
• Easily creates devices with multiple

Interfaces, even multiple Identities!
• Automatically does MULTITASKING
• Makes standard or special USB HID

devices

NEW! “Developers Guide for USB HID
Peripherals” shows you how to make
devices for special requirements.

Both PC and Peripheral programs
understand your data items (even odd
sized ones), and give you convenient
variables to handle them.

PIC18F Compilers: PICBASIC Pro,
MPASM, C18, Hi-Tech C.

PIC16C Compilers: PICBASIC Pro,
MPASM, Hi-Tech C, CCS C.

PC Compilers: Delphi, C++ Builder,
Visual Basic 6.

HIDmaker FS Combo: Only $599.95
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360 697-3472 voice

360 697-7717 fax

pioneer@telebyte.com

Pioneer Hill Software

24460 Mason Rd

Poulsbo WA 98370PHS

Turn Your PC into a Real-Time

Audio Spectrum Analyzer

Features
FFT to 1048576 pts

24 bit, 192kHz

1/96 Octave

Dual Channel

3-D Surface Plot

Spectrogram Plot

Digital Filtering

Signal Generation

RT-60, Leq, Delay

THD, IMD, SNR

DDE, Logging

Vibration Analysis

SpectraPLUS 5.0
FFT Spectral Analysis System

Download 30 day FREE trial!

www.spectraplus.com

Starting at $295
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The same holds true if your microcontroller has to switch
high currents. You’ll have to put some heavy duty 

electronic hardware between the microcontroller’s multi-
milliampere I/O pin and the amperage hungry I/O device
at the other end. Amperage is not the only worry you have.
You can’t reliably drive a 12-volt relay coil with a raw 3.3-
volt or 5-volt microcontroller I/O pin. And, 12 volts may be
a drop in the bucket if you’ve got an I/O device that wants
to see a 60 volt source. What about controlling a standard
household AC device? Can you imagine driving a micro-
controller I/O pin with 120 VAC? Smoke on the water.

Okay, suppose you’ve figured out a way to get those
high voltages and currents under control. Now, in addition
to wrangling the voltages and currents, you have to accu-
rately read temperatures! I’m not talking room temperatures
that you would normally take with a temperature sensor like
the LM35C. Your temperature data will originate at the
point of a thermocouple.

Fortunately, every obstacle I’ve thrown into your
Design Cycle can be easily circumvented without resorting
to exotic or expensive special-purpose electronic compo-
nents. In fact, we can solve every problem I’ve thrown out
on the table with a simple order to Mouser or Jameco. If
you’re still reading, I’ll show you how to easily drive relays,
solenoids, high-current devices, high-voltage devices, and
high-voltage/high-current I/O devices with a simple PIC
microcontroller and everyday electronic parts. We’ll also
take a look at getting that thermocouple data.

I/O BASICS
Professional athletes are drilled on the fundamentals of

their respective sports. That’s why they excel at what they
do. Musicians practice, practice, and practice some more.
That’s why you buy their musical work in the form of a CD
or a live performance. For us that dabble with electricity by

indirectly moving electrons about within silicon lattices, a
firm grasp on the basics of I/O interfacing is as good as a
LeBron James dunk on Sunday afternoon.

To understand how to drive that device on the other end
of your microcontroller’s I/O pin requires that you understand
just what that microcontroller I/O pin can really do. Let’s use a
typical Microchip PIC as an example case. The run-of-the-mill
PIC can sink or source up to a maximum of 25 mA on most of
its I/O pins. That’s a measly 0.025 amperes per pin. The truth
is, 25 mA of sink/source capability is a relatively high value as
many other microcontrollers can only handle 20 mA or better
and only on a portion of their pin complement. I’ve seen
microcontroller datasheets that claim 40 mA maximum values
but I personally have not put that maximum figure to the test.

If you read the fine print in those high-current I/O
datasheets, the 40 mA maximum is just that — a maximum
value you’re not supposed to approach in normal use.
Reading carefully reveals that according to the test 
conditions, the 40 mA per pin microcontroller can really
handle 20 mA @ 5V safely. Nevertheless, I have abused my
share of PIC I/O pins. I have accidentally driven PIC I/O
pins above 25 mA many times. (That’s something you don’t
want to do for any length of time.) There’s nothing worse
than trying to troubleshoot a “dead” PIC port pin.

If you think you can drive a bunch of 25 mA devices
without any intermediate buffering, you’re almost right as
long as you don’t exceed a total of 200 mA across all of the
I/O pins you are using to drive the loads. The point I’m try-
ing to make here is that realistically you can’t drive anything
much larger than an LED load on a single PIC 
microcontroller I/O pin. If you think in terms of each LED
drawing 10 mA, you can only drive a maximum of 20 LEDs
simultaneously directly from the I/O pins of a single PIC
microcontroller. I’ve not been brave enough to try this and
say I did it, and I don’t recommend that you try this at home.

Most of the time, I design my I/O buffer hardware so that

MANAGING THE REAL WORLD

DESIGN
■ BY FRED EADY

CYCLE

NO MATTER HOW POWERFUL A MICROCONTROLLER may claim to be, a
microcontroller by itself cannot do everything in a real-world, I/O-oriented
embedded system. For instance, I don’t know of any microcontroller that can
directly drive a one ampere resistive or inductive load directly from one of its
I/O pins. That means if you’re working on putting together a microcontroller-
based system that will interface to motors and relays, a great deal of your
design time will be expended on the I/O interface hardware.

THE
ADVANCED TECHNIQUES FOR DESIGN ENGINEERS

82 January 2008

DesignCycle.qxd  11/29/2007  11:20 AM  Page 82



the electronic switch component will sink the load current.
Sinking current means that the electronic switch component
being controlled by the microcontroller’s I/O pin provides a
ground path for the I/O device. You can easily pick out a 
sink configuration as the positive power source is always
connected to the I/O device in a “sink = on” configuration.

In electronic terms, the opposite of sink is source.
Connecting an LED’s anode directly to a microcontroller’s I/O
pin and grounding the LED’s cathode is an extreme example
of sourcing current to illuminate the LED. Naturally, you would
have a current limiting resistor in the mix to keep from driving
the LED into darkness and/or the microcontroller’s I/O pin
into burnout. I’ve drawn up a couple of simple LED driver cir-
cuits in Schematic 1 to illustrate the difference between sourc-
ing and sinking current using a PIC microcontroller’s I/O pin.

The electronic switch component I alluded to earlier is
usually a transistor or MOSFET device. We could talk for
weeks about selecting transistors and MOSFETs as there are
tons of these devices to choose from. In my experience,
light to medium loads can be easily handled by standard
switching transistors. Darlington array transistor devices can
be used in high-power situations. Many of the LM723-based
high-current power supply circuits you can find on the
Internet use Darlington transistors in their high-voltage/high-
current output stages. However, in high-current/high-
voltage applications, I prefer MOSFETs.

Honestly, I prefer MOSFETs over transistors in the light to
medium application area, as well. The fact is, logic-level 
gate MOSFET devices are designed to be driven from a
microcontroller I/O pin and exhibit very low “on” series
resistances, which lead to lower voltage drops across the
electronic switch component and reduced heat in the 
electronic switch component.

Using a logic-level gate
MOSFET is just as easy as
using a 2N2222A switching
transistor. The idea is to 
provide enough drive to the
MOSFET gate to completely
turn on the MOSFET’s 
Drain-Source junction. Once
you supply enough voltage
to exceed the MOSFET’s
Gate-Source threshold, the
Drain-Source resistance will 
drastically decrease allowing
current to flow between the
MOSFET’s Drain and Source.
I’ll let you debate on which
way the electrons flow. In

our case, it really doesn’t matter as all we want to do is tog-
gle the device at the end of the PIC’s I/O pin off and on. Let’s
put this MOSFET switching theory discussion into practice.

For this theory-to-hardware exposition, I’ve chosen the
Zetex ZVN4306G as our electronic switching component. The
ZVN4306G is actually an N-channel DMOS FET with a mini-
mum Gate-Source threshold voltage of 1.3V and a maximum
Gate-Source threshold voltage of 3.0V. We really don’t have to
worry about current drain on our microcontroller I/O pin as
the ZVN4306G gate current requirements are in the dust.

For our discussion, our PIC is powered with a +5V VCC
supply. So, according to the ZVN4306G’s maximum and 
minimum Gate-Source threshold voltage specifications, all we
have to do is provide a logical high state from our PIC I/O pin
to the ZVN4306G’s gate to open up the MOSFET’s Drain-
Source channel. Conversely, a low level on the ZVN4306G
gate will pinch off the current flow and turn the target device
off. Once the ZVN4306G is turned on, its Drain-Source 
resistance drops to 0.32Ω. When in the on state, the
ZVN4306G can switch up to 2.1A of current continuously.
The maximum switching voltage (Drain-Source voltage) of the
ZVN4306G is 60V. If things get warm, the ZVN4306G is
housed in an SOT223 package that can be soldered to a 
suitable heatsink pad on the printed circuit board (PCB).

The ZVN4306G is designed into a sinking configuration
as shown in Schematic 2. The ZVN4306G is acting as a
high-voltage/high-current buffer for the PIC’s RB0 I/O pin. In
this case, we are driving a simple solenoid assembly like the
one you see in Photo 1 in the sink configuration. At 12V, the
solenoid coil in the fluid switch you see in Photo 1 will draw
450 mA when energized. The application that uses this fluid
switch requires the solenoid to open and close the fluid 
passageway for 10 seconds once every hour. This is a light
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■ SCHEMATIC 1. Applying
VCC to the LED1 anode via the
PIC’s RB0 I/O pin illuminates
the sourced LED. When RB0
provides a ground path for
LED2 — which is configured
in a sink configuration — you
will see the light.
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duty requirement as far as the ZVN4306G is concerned.
As a test, I decided to run the solenoid continuously

until the magic smoke appeared. As it turned out, the 
solenoid got much hotter than the ZVN4306G, which
retained its magic smoke. So, we can actually get away
without attaching an external heatsink to the ZVN4306G.

I lashed up a prototype of the MOSFET buffer in Photo
2. Note that I used a specialized Chicago Miniature LED in
the prototype. The prototype LED contains a built-in current
limiting resistor. I like to use these LEDs in prototypes and
for debugging as they can simply be soldered into the 

circuit as-is. These LEDs also come in
five-volt versions. The available colors
are red, amber, and green. You can
get these specialized LEDs from
Mouser. The LED is used here to pro-
vide a visual indication of the state of
the solenoid valve. When the solenoid
is energized, the LED illuminates. The
Chicago Miniature LED only draws 
13 mA and does not introduce any 
significant load to the ZVN4306G.

The ZVN4306G in the sink config-
uration can provide buffered control for
a brushed DC motor or a relay coil with
ease. However, even with the

ZVN4306G’s high-voltage and high-current capabilities, you
may find that your application needs some additional horse-
power. Fortunately, we can take the basic ZVN4306G-based
I/O concept we have been discussing and amplify it by
employing a heftier MOSFET switching element. That’s 
exactly what Werner von Braun did. He took the Redstone
Rocket concept and amplified it to create the Saturn booster.

In this case, our ZVN4306G is the Redstone Rocket
and the IRLI2910 is the Moon Rocket. The IRLI2910 is a
logic-level gate drive power MOSFET. If you keep it cool,
the IRLI2910 can pass up to 31A at voltages up to 100V.
The IRLI2910’s Gate-Source threshold voltage lies between
1.0V and 2.0V and when you turn it on with 5V, the 
Drain-Source resistance falls to .030Ω.

An interesting feature of the IRLI2910 is the way it is
packaged. The IRLI2910 is completely insulated with a
moulding compound that electrically isolates the device
from the heatsink while providing a very high thermal 
transfer characteristic. To use the IRLI2910, simply drop it
into our ZVN4306G circuit as the electronic switching 
component instead of the ZVN4306G.

The words that I speak in the Design Cycle column are
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■ SCHEMATIC 2. This is just how easy it is to
employ a MOSFET to act as a high-voltage/
high-current electronic switch component. If
you’re still thinking about hooking up those
20 LEDs all at once, here’s your ticket.

■ PHOTO 2. This is really rough, but it works
just fine. I added the LED to provide a visual
indication of the status of the solenoid
valve. When the solenoid valve is energized,
the LED illuminates. The LED only draws 
10 mA and places no significant extra load
on the ZVN4306G.

■ PHOTO 3. Teamwork — that’s what this is all about. This shot
shows the IRLI2910 poised in its modest heatsink alongside
of a gaggle of ZVN4306G devices. The IRLI2910’s job is
to control a 35V @ 5A DC motor. The ZVN4306G crew is
handling solenoid, relay coil, and solid-state relay duties.

■ PHOTO 1. This mechanical assembly
is designed to restrict the flow of liquid
when the solenoid is inactive. When
the solenoid coil is energized, the
solenoid plunger will retract, removing
the blockage element which will allow
liquid to flow.

DesignCycle.qxd  11/29/2007  11:22 AM  Page 84



well rooted in theory and high on 
implementation. With that, the
Redstone Rocket and the Saturn Launch
Vehicle are shown working together in a
real-world application in Photo 3.

What we have just done is to 
assemble simple circuitry driven by PIC
microcontroller I/O pins that perform
very useful tasks. Each of the electronic
switch components are controlled by a
logical state of high or low, which
emanates from a PIC microcontroller I/O
pin. The results of this simple binary pat-
tern include spinning motors, energizing
solenoid valves, and switching relay con-
tacts which, in turn, play an important
role in the overall system mission. I think
that you will agree that this stuff is easy.
There is no rule that useful electronic
devices have to be complicated.

BASIC I/O CONDENSED
Suppose you need a quartet of

ZVN4306G-like control circuits to con-
trol some low-voltage devices (less than
60V) that draw no more than 700 mA
each when active. There’s nothing wrong
with lining up four of the ZVN4306G 
circuits depicted in Schematic 2 on a
piece of PCB real estate. However, each
ZVN4306G buffer is made up of a 
minimum of five components. Can I
show you how you can assemble four
ZVN4306G-like buffers for this applica-
tion with only four components?

Behold Schematic 3 and the
Allegro MicroSystems UDK2559. The
four components that make up our
electronic switch are the UDK2559, the
UDK2559 power supply bypass capac-
itor, and the UDK2559 bulk device
source voltage bypass capacitor pair.

I’ve purposely left the PIC’s particu-
lars out of Schematic 3 as the UDK2559
connection specifics are the important
part of the schematic contents.
Logically, the UDK2559 is a collection
of four sets of AND gates feeding four
high-current bipolar outputs that can
each sink up to 700 mA in their “on”
state. Schematic 3 shows all of the
UDK2559 drivers being linked up to the
same bulk device source voltage of +12
VDC. If you need to use differing bulk
device source voltages, you can divide
the four UDK2559 drivers into pairs and
provide one of your bulk device source
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■ SCHEMATIC 3. Yes. The PIC has been
neglected here. The idea is to show you
how to hook up the UDK2559. If you’re
PIC challenged, just look back at past
Design Cycle columns to get a grasp
on standard PIC configurations.
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voltages to the UDK2559 pin 2 K input and the other bulk
device source voltage to the pin 7 K input. UDK2559 outputs
OUT3 and OUT4 follow the pin 2 K bulk device source 
voltage and outputs OUT1 and OUT2 march to the bulk
device source voltage applied at the pin 7 K input.

The UDK2559’s output behaves like an NPN transistor
and each bipolar output module is fronted by an AND logic
gate. The UDK2559 ENABLE line is common to all of the

UDK2559’s AND gates as it is tied to one of the two inputs
on all four of the UDK2559’s AND logic gates. Each of the
UDK2559’s four INx inputs are independently tied to the
remaining input of the four AND logic gates. A logical low
output from the respective bipolar output’s AND logic gate
is needed to turn on the associated NPN transistor output
logic. That means we have to supply a logical high to the
UDK2559’s ENABLE pin in order to enable any sinking
action through any of the UDK2559 output pins.

To obtain a sink condition on a particular UDK2559
output after enabling the outputs with a logical high level on
the ENABLE pin, we must place a logically high level on the
input representing the output we want to take to the sink
state. Following standard AND logic, a logical high on the
ENABLE pin coupled with a logical low on an INx pin results
in a logical low on the AND gate output, which turns off the
associated NPN-based output. Both the ENABLE pin and the
selected INx pin must be logically high to sink current at the
selected UDK2559 output pin. It’s that simple. All we really
have to worry about is keeping the UDK2559 cool. That is
easily done by providing some ground plane area for the
UDK2559 ground pins, which also act as thermal dissipation
tabs. If we manage to get the UDK2559 too hot, its internal
thermal limiting circuitry will shut the device down.
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■ PHOTO 4. The idea here was to lay down just enough copper
to allow me to make point-to-point connections between
the UDK2559 and the five-volt regulator circuit. Everything
else is wired in as necessary. The ring of copper surrounding
the UDK2559 is tied to the UDK2559’s ground pins and is
intended to act as a heatsink for the UDK2559.

■ PHOTO 5. The trick is
to keep the AD594’s
source voltage clean.
It’s also a good idea not
to waste any space
between the thermo-
couple wires and the
AD594 thermocouple
input pins. Notice
the different AD594
packages in this shot.

■ SCHEMATIC 4. Don’t let the
word “thermocouple” scare you
off. Getting good temperature
data from a thermocouple is as
easy as getting temperature
data from an LM35C.
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I used ExpressPCB to design and fabricate a very 
simplistic UDK2559 prototype platform. I’ll share the
ExpressPCB layout via the Nuts & Volts website and I’ll
share a view of the UDK2559 in position on the
ExpressPCB-generated prototype PCB in Photo 4.

I’m rather sure that I don’t have to take this discussion
any further. You should now be able to interface a PIC I/O pin
to any voltage or current situation that may come your way.

ANALOG ACADEMY
Did you realize that all you need to make a simple

thermocouple is a bit of thermocouple wire and a twist? If
you need an industrial strength thermocouple, I suggest 
getting one from a professional. However, if you want to
experiment with thermocouple technology, just get yourself
some Type J thermocouple wire and an Analog Devices
AD594 Monolithic Thermocouple Amplifier. I put a 
home-brewed garage thermocouple together for you using
a length of Type J thermocouple wire in Photo 5.

The AD594 is really an instrumentation amplifier that is
pretrimmed to interface a Type J thermocouple with a
microcontroller’s analog-to-digital converter (ADC). The
AD594 produces an output voltage of 10 mV/°C directly
from a thermocouple input signal. I’ve assembled an
AD594 design in Schematic 4. As you can see in this
schematic, all of the rocket science is contained within the
AD594. All we have to do is connect the thermocouple to
the AD594 input pins and read the temperature voltages
from the AD594 with a PIC’s ADC module.

The AD594 hardware I’ve presented in Schematic 4
can only read positive temperatures as I have used a single-
rail +5-volt power supply. If your application needs to read
negative temperatures, you’ll have to provide a ± dual-rail
power supply for the AD594.

Believe it or not, the code to read the AD594 
temperature data is just as simple as the hardware. Let’s 

use the PIC18F2685’s AN0 input to read the AD594 output
(see Listing 1).

Remember that we must also use the PIC’s TRIS 
function to declare RA0 (AN0) as an input. In this case, let’s
just make all of the PORTA I/O pins inputs:

TRISA = 0b11111111;
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Fax: (719) 520-1867
Box 60039

Colorado Springs, CO  80960

Order online at:

www.melabs.com

Pre-Assembled Board
Available for 8, 14, 18, 28, 
and 40-pin PIC® MCUs
2-line, 20-char LCD Module
9-pin Serial Port
Sample Programs
Full Schematic Diagram

Pricing from $79.95 to $349.95

PICPROTO™ Prototyping Boards

Double-Sided with Plate-Thru Holes

Circuitry for Power Supply and Clock

Large Prototype Area

Boards Available for Most PIC® MCUs

Documentation and Schematic

Pricing from $8.95 to $19.95

LAB-X Experimenter Boards BASIC Compilers for PICmicro®

PICBASIC PRO™ Compiler   $249.95

Easy-To-Use BASIC Commands
Windows 98/Me/2K/XP/Vista

BASIC Stamp 1 Compatible
Supports most 14-bit Core PICs
Built-In Serial Comm Commands

Supports most PICmicro® MCU Families
Direct Access to Internal Registers
Supports In-Line Assembly Language
Interrupts in PICBASIC and Assembly
Built-In USB, I2C, RS-232 and More
Source Level Debugging

See our full range of products, including
books, accessories, and components at:

www.melabs.com

EPIC™ Parallel

Port Programmer

starting at $59.95

PICBASIC™ Compiler    $99.95

USB Programmer for PIC® MCUs
(as shown)$89.95

RoHS
Compliant

Programs PIC
MCUs including
low-voltage (3.3V)
devices

Includes
Software for
Windows
98, Me, NT,
XP, and Vista.

With Accessories for $119.95:
Includes Programmer, Software, USB Cable,
and Programming Adapter for 8 to 40-pin DIP.

LISTING 1
//*******************************************************
//*    CONFIGURE A2D AND COMPARATORS
//*******************************************************

ADCON0 = 0b00000000; //select channel AD0
ADCON1 = 0b00001110; //RA0 = ADC input 
ADCON2 = 0b10111111; //clocking RC osc - max

//acq time allowable
ADON = 1; //turn on ADC module
CMCON = 0x07; //comparators OFF

LISTING 2
//*******************************************
//*    GET AD594 TEMPERATURE READING
//*******************************************
#define make16(varhigh,varlow) \
(((unsigned int)varhigh & 0xFF)* 0x100) + \
((unsigned int)varlow & 0x00FF) 

void get_temp(void)
{

char x;
unsigned int sum;

sum = 0;
for(x=0;x<20;++x)

ADCON0 = 0b00000000;
GODONE = 1;
while(GODONE);
sum += make16(ADRESH,ADRESL);
temp_in_C = sum / 40;

}
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The PIC18F2685’s ADC module is capable of resolving
10 bits of resolution. That is equivalent to 1024 steps 

including zero. The PIC18F2685’s ADC is referenced to the
supply voltage according to the cleared bits in the upper

nibble of the ADCON1 register value. So, that
means every step of the PIC18F2685’s ADC will
represent approximately 0.005 volts. That means
that 1°C is equal to two ADC steps. So, to get an
absolute temperature result we need only to read
the ADC and divide by two. In the code that 
follows, I read the AD594’s output 20 times, 
take the average of the 20 readings, and divide the
average by two (see Listing 2).

Nothing to it. Now that you know how to make
an AD594 work for you, I’ll show you
one that is ready for action in Photo 5.

CAN YOU DO THIS?
Yep. You’re trained. The next

time you tackle what seems to be a
difficult embedded project, just kick
back and think of the I/O basics you
need to accomplish each individual
task. Once you’ve worked out the
fundamentals, merge all of the
solutions together to complete the
system’s mission.

I’ll leave you with something to
consider. How would you send the
AD594 data to another PIC-based
computing node? Listing 3 shows how
I did it.

Yes you CAN! Put another notch
in your soldering iron.  NV
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SOURCES
■ Microchip

(www.microchip.com): 
PIC18F2685

■ Analog Devices
(www.analogdevices.com): 
AD594

■ Allegro MicroSystems
(www.allegromicro.com): 
UDK2559

■ Zetex Semiconductors
(www.Zetex.com): ZVN4306G

■ International Rectifier
(www.internationalrectifier.com): 
IRLI2910

Locate shorted or leaky
components or conditions
to the exact spot in-circuit

Available at your distributor, or call 561-487-6103

Electronic Design Specialists www.eds-inc.com

The Standard for checking
Capacitors in-circuit

Good enough to be the

choice  of Panasonic,

Pioneer, NBC,  ABC, Ford,

JVC, NASA and thousands

of independent service

technicians.

Still cutting up the pcb,

and unsoldering every

part trying to guess at

where the short is?

Your DVM shows the same shorted reading all

along the pcb trace. LeakSeeker 82B has the

resolution to find the defective component.

Touch pads along the trace, and LeakSeeker

beeps highest in pitch at the defect’s pad. Now

you can locate a shorted part only a quarter of

an inch away from a good part. Short can be

from 0 to 150 ohms

Inexpensive enough to pay for itself in just

And with a 60 day trial period, satisfaction

guaranteed or money-back policy, the only

thing you can lose is all the time you’re

currently spending on trying to repair all

those dogs you’ve given up on.

CapAnalyzer 88A LeakSeeker 82B

one day’s repairs. At $209, it’s affordable.

$209

Tormach PCNC 1100 Features:
Table size 34" x 9.5"

R8 Spindle 1.5 hp variable speed to 4500 RPM

Computer controlled spindle speed and direction

Precision ground ballscrews

Digitizing and tool sensing support

4th axis and high speed spindle options

3 Axis Mill

$6800
plus shipping

When you’re serious about hardware, you need serious tools. 
Whether milling 0.020” traces on prototype PCBs or cutting ½” 
steel battle armor, this CNC mill can do it all. Weighing in at more 
than 1100 lbs, the PCNC can deliver the hardware end of your 
combined hardware & software projects.

Precision CNC 
Machining

Mill includes Control, CAD and CAM 
software. Optional stand, coolant system, 
computer and accessories are extra. 

Product information and online ordering at www.tormach.com

  

CONTACT THE AUTHOR
■ Fred Eady can be reached via

email at fred@edtp.com.

LISTING 3
dataLen = 4; //length of CAN message
id = brd_display_temp_id; //sender’s CAN ID
data[0] = addr_ad594; //destination CAN ID
//the CAN message contains this data:
data[1] = temp_in_C;
data[2] =  make8(temp_in_C,1); // high byte
data[3] = make8(temp_in_C,0); //low byte
while(!ECANSendMessage(id, data, dataLen, ECAN_TX_STD_FRAME));
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Metal Fabrication

1-2 Day Lead Times Available

Both of these parts 
were ordered on Tuesday

and shipped FedEx on
Wednesday

Materials from 0.001” to 6.000” in 
thickness.
Parts from practically any material.

Complete Fabrication Center
Integrated Ideas & Technologies, Inc.
Precision Laser, Waterjet, Plasma, Machining,
Forming, and Welding Capabilities

3896 N. Schreiber Way  •  Coeur d’Alene, ID  •  83815-8362  •  USA
Ph (208) 665-2166  •  Fax (208) 665-5906  •  www.iitmetalfab.com

*
*
*
*

 Quick
 Affordable
 Precise
 No Minimums
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The No Compromise PC Osc i l loscopes
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PC OSCILLOSCOPES
HIGH SPEED

USB Connected
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Traditionally, BalloonSats have used
a 555 driven relay circuit to 

operate their onboard cameras. The
555 circuit that appears to be the

norm is a 12 volt inter-
valometer kit designed
for high current applica-
tions. The result is a 
circuit that, in my opin-
ion, is a bit large and
clunky for BalloonSats. 

Take a look at
Figure 1. The two 
camera timers described
in this month’s column
are replacements for this
timer. They are lower in
power and programma-
ble. Since their interval
is programmed, there’s
no need to adjust a 

trimmer to get the proper timing like
there is with a 555 timer based 
intervalometer. In fact, it’s possible 
to program the timer to record 
photographs at changing intervals 
during a mission, which is something
the older 555 based intervalometer kit
is unable to do.

Another feature is that the
timers have a commit pin. Until the
shorting block is removed from
the commit pins, the timer waits to
begin taking pictures. This means
fewer wasted pictures of the ground
before the mission starts and more
of the ground and sky during the
actual mission.

The first timer is a single channel
version that operates the shutter of
the camera attached to it. The
second timer is a two channel
version that first powers up its
camera, triggers the camera to take
a photograph, then shuts down the

SPACE
■ BY L. PAUL VERHAGE

APPROACHING THE FINAL FRONTIER

NEAR
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NEAR SPACE APPLICATIONS
USING THE PICAXE
MICROCONTROLLER:
Part 2
THE PICAXE-08 IS A GREAT MICROCONTROLLER
for small applications that don’t require a lot of
I/O pins or memory. This month, we’ll look at
two more small near space applications that are
perfect for the PICAXE-08 and PICAXE-08M.The first is a programmable camera
timer that replaces the standard 555 timer circuit used in most BalloonSats.The
second is a cut down device that ensures the timely termination of a near space
mission and the separation of the balloon’s fragments. So, let’s see what we
can do with a microcontroller that can be purchased with pocket change.

■ FIGURE 1. Two camera timers ready for
a mission. Photo by Heidi Bailey, Dennis

Technical Center, Boise, ID.

CAMERA TIMER PARTS LIST
AND FUNCTION

■ LM2940T-5 (voltage regulator or power supply 
for PICAXE and relay)

■ 22 μF electrolytic capacitor (filtering for 
LM2940)

■ 10K resistor (current limiter for programming 
header)

■ 22K resistor (pull-down for programming 
header)

■ 1K resistor (pull-up for commit pin)
■ 1K resistor (current limiter for indicator LED)
■ LED (indicator)
■ 1N4001 diode (protection against back current)
■ 5V reed relay (electrically operated switch)
■ PICAXE-08 (programmable microcontroller)

The two channel version of the camera timer 
requires a second relay and diode.

The reed relay is RadioShack part number 275-232.

NOTE: All PCB patterns
and files are available on
the Nuts & Volts website
at www.nutsvolts.com.
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camera. The two channel version
has full control over a camera
and is best for cameras with
power-save features that may
shut it down during a mission.
However, the two channel
camera timer is not limited to
operating a single camera. It
could operate two separate
cameras inside a BalloonSat or
a single camera along with a
second device that a relay can
operate.

THEORY OF
OPERATION

Upon powering up, the PICAXE
blinks its indicator LED (connected 
to pin 1) five times showing its 
readiness, then goes into a wait loop
until the shorting block is pulled off
the commit pin. The commit pin pulls
pin 3 to +5V and the shorting block
shorts it to ground. After detecting
the removal of the shorting block
(that is, when pin 3 goes high), the
PICAXE signals its detection of the
removal by blinking the indicator LED
five more times. Then, the PICAXE
enters an infinite loop where it 
energizes the relay by setting pin 2
high and turning on the indicator LED
by setting pin 1 high. The LED is a
troubleshooting tool that indicates
when the PICAXE is triggering the
relay to take a picture.

After a one second pause, the
PICAXE sets pin 1 and pin 2 low
to open the relay and shut off the
indicator LED. When the PICAXE
turns off the relay, the magnetic
field contained within the relay’s coil
collapses and creates a potentially
damaging reverse current through
pin 2. To protect the PICAXE from
damage, the 1N4001 diode shorts
the relay’s coil to reverse current.
After a pause, the PICAXE again sets
pin 1 and pin 2 high to then take the
next photograph.

The two channel camera timer

operates the same way, except that
its two relays are fired in sequence.
The first relay attaches to the 
camera’s power switch, allowing the
PICAXE to power up the camera.
After a short pause, the second relay
(which is connected to the camera’s
shutter switch) fires to take a picture.
After the camera has time to save 
the image to memory, the first relay 
is fired once more to shut down 
the camera.

BUILDING THE ONE AND
TWO CHANNEL CAMERA
TIMER

Begin assembling the timer by sol-
dering the lowest lying components
(the resistors and diodes) first. Solder
an eight pin IC socket to the PCB
rather than the PICAXE to protect 
it from the heat of soldering. I 
recommend using snappable headers
for the programming header and 
commit pin (it’s cheaper to purchase a
long row of headers and snap them
off as needed). Watch the orientation
of the LM2940 voltage regulator and
the diode(s). If the diode is soldered
backwards, it will short out every time
the PICAXE fires the relay.

The large holes at the top and
bottom (and sides in the two channel

version) are strain relief holes for the
timer. Wires connecting the timer to
the camera and battery pack pass
through the strain relief holes to 
prevent normal use breaking the 
soldered wires off of the PCB. The 
battery holder for the timer can either
be a nine volt battery snap or a four
cell AAA holder.

The commit shorting block is a
short loop of wire terminated with
small crimps and mounted inside a
plastic housing. A cord tied to the
wire loop of the shorting block 
exits the BalloonSat airframe and is
attached to a brightly colored tag.

N E A R  S PA C E

January 2008                   91

■ FIGURE 2. The schematic of the
single channel camera timer. The
two channel version has a second
relay and diode connected to
PICAXE-08 pin 4, or pin 3 on the IC.

■ FIGURE 3. One channel camera timer.
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The tag is marked with text (like
Remove Before Launch) to remind
the launch crew to pull the shorting
block off the commit pins before the
balloon lifts off.

CONNECTING A
CAMERA TO THE PICAXE
CAMERA TIMER

The relay in the timer replaces a
camera’s shutter (and power switch in
the two channel version). Therefore,

these timers only work for
cameras with electrical 
switches. Fortunately, this
means they’ll work for most
modern cameras.

You’ll need to open the
body of the camera to attach
the timer. Warning!! Part of
the camera’s flash circuit is
a high-voltage electrolytic
capacitor that’s capable of
delivering a nasty shock.
Under no circumstances
touch this capacitor, as it can
hold a hefty charge long after
the batteries have been
removed. Apply electrician’s
tape over the capacitor’s
exposed wires if you’re 
concerned that you might
accidentally touch them
(would anybody intentionally
touch them?).

Open the camera only far
enough to expose the solder pads of
the shutter switch. After opening the
camera, it’s a good idea to test the
camera once again for damage by
loading batteries and pressing its 
shutter switch. Remove the batteries
after testing and set a multimeter to
measure resistance or continuity.
Using the meter, identify which of the
two of the switch’s pads connect to
each other when the button is
pressed. If the multimeter leads are
touching the correct two pins, the

multimeter will indicate zero
ohms of resistance when the
switch is pressed.

Rather than try to
remove the shutter switch
from the camera, just solder
thin gauge wires to the two
pads and then run them out
of the camera case. It would
be a good idea to run the
wires through a hole or pair
of holes in the camera case
where they can be tied off for
strain relief. The free ends of
the wires are then soldered
to the timer.

Now, here’s a complicat-
ing factor. Some cameras

have three pins on the shutter switch
that are connected together when
the shutter switch is pressed.
Typically, the third pin triggers the
camera to focus (so you should only
see this happen with an autofocus or
AF camera). You can determine if the
camera has a focus pin in its shutter
switch by noting if a third pin shorts
when the button is only half pressed.
However, to do this, you first have to
locate the shutter switch pin that 
connects to ground.

The switch’s ground pin is the pin
that the autofocus and shutter pins
connect to when the shutter switch is
pressed. After you identify the focus
and shutter pins in the switch, connect
both to one side of the relay and the
ground pin to the other side. Shorting
the focus and shutter pins together
like this causes the camera to focus
and take a picture together when the
relay is fired.

A possible alternative is to solder
a wire between the shutter switch
focus pin to the ground pin. This
keeps the camera constantly focusing
itself and should be okay as long as it
doesn’t drain the battery during a 
typical two to three hour flight.

Connecting the two channel
timer to a camera is done the same
way except the second relay 
connects to the camera’s power
switch. Follow the above procedures
to locate the correct pins to connect
to the relay.

FINISHING THE PICAXE
CAMERA TIMER

Now download the PICAXE 
program and test the circuit. At power
up, the LED indictor will blink and the
timer will wait for the removal of the
shorting block. Once the block is
removed, the timer will begin taking
pictures and lighting its indicator LED.
If the timer checks out, cover the back
of the PCB with a piece of foam core
and hot glue to protect the traces on
the underside from shorting out. The
PICAXE BASIC code for the single
channel camera timer is available on
the Nuts & Volts website at www.nuts
volts.com.
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■ FIGURE 4. Two channel
camera timer.

■ FIGURE 5

NearSpace.qxd  11/29/2007  3:58 PM  Page 92

http://www.nutsvolts.com
http://www.nutsvolts.com


THE PICAXE
TERMINATOR

This month’s second PICAXE
project is a terminator. While this
terminator is not a famous movie
character, it does contain a PICAXE
(PICAXE Inside?). The PICAXE
Terminator ensures that a near space
mission ends on time by cutting
away the balloon. Occasionally,
near space missions fail when the
weather balloon becomes neutrally
buoyant. When that happens, the
balloon stops rising and the near
spacecraft remains at a fixed altitude
until the onboard battery dies. Once
power is lost, the near spacecraft
stops transmitting its position and
becomes lost. The loss of a near
spacecraft can be expensive 
considering that onboard it is a GPS
receiver, amateur radio, and a radio
modem called a TNC.

Normally, if the balloon’s lift is
at least three pounds greater than
the weight of its payload, a neutrally
buoyant condition won’t occur.
However, if the balloon develops a
slow leak or if the balloon’s lift is set
low in an effort to reach the maximum

possible altitude, the risk 
of a neutrally buoyant 
condition increases.

The PICAXE Terminator
makes sure missions like
these still end in a timely
fashion. Even if the balloon
bursts properly, cutting away
the balloon fragments
makes the rest of the
descent less chaotic for the
near spacecraft.

The PICAXE Terminator
monitors two flight 
conditions and acts as a
mission timer. The two 
environmental conditions
monitored are the air pres-
sure and air temperature.
On a near space mission,
the airpressure decreases
until the balloon bursts. The
air temperature initially
decreases as the balloon
climbs through the 
troposphere and then
begins increasing once the balloon
enters the stratosphere. But then at
balloon burst, the air temperature
drops rapidly. Code in the PICAXE
waits for either the air temperature 
to drop after it rose earlier in the

flight, for the air pressure to begin 
increasing, or the air pressure to
reach a minimum value coded into
the program. When any of these
events occur, it signals that the 
balloon has burst or has reached its

NEAR SPACE

January 2008                   93

■ FIGURE 6

TERMINATOR PARTS LIST
AND FUNCTION

■ 1K resistor (voltage divider resistor for the
LM335)

■ 10K resistors (current limiting resistor for
PICAXE programmer and pull-up resistor)

■ 22K resistor (pull-down resistor for
PICAXE programmer)

■ 22 μF electrolytic capacitor (voltage
regulation)

■ LM2940T-5 (voltage regulator)
■Toggle switch (power switch)
■ 1N4001 (kick back suppressor diode)
■ Reed relay (electrical switch)
■ LM335 (temperature sensor)
■ SM5812 (pressure sensor)
■ PICAXE-08M (programmable

microcontroller)
■Two Pin male header (commit switch)
■Three Pin male header (programmer header)

The SM5812 is a Silicon Microstructures
pressure sensor. A datasheet is available at
www.si-micro.com. The part can be ordered
from www.servoflo.com.
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desired maximum pressure altitude.
Otherwise, the PICAXE Terminator
waits until the programmed 
maximum time has elapsed.

To cut away the balloon, the
PICAXE fires the relay for 10 seconds.
The current flowing through the relay
heats the nichrome coil to a dull red,
melting the line running through it.
The line separates letting the near
spacecraft drop and the balloon rise
by itself. Without the weight of the
near spacecraft holding it back, the
balloon quickly ascends to an altitude
where air pressure will burst the 
balloon. It’s guaranteed to burst 
even if it was previously in a neutrally
buoyant condition.

THEORY OF OPERATION
The ADC in PICAXE pin 1 and

pin 2 digitizes the voltages of the
two sensors in the terminator. Pin 1
connects to the output of the LM335
temperature sensor. This sensor
produces a voltage of 0.01 volts 
per degree Celsius. Theoretically, 
the sensor produces zero volts at
absolute zero, or 0 kelvins and maxes
out with five volts at 500 kelvins or

227 degrees Celsius (that’s 440
degrees Fahrenheit).

PICAXE pin 2 connects to the
output of the SM5812 (or its 
equivalent) pressure sensor. This 
sensor produces 0.5 volts in a 
vacuum, 4.5 volts at one atmosphere
of pressure, and its output is linear
with atmospheric pressure. PICAXE
pin 3 connects to a pair of pins that
are pulled up to five volts with a 10K
resistor. While the shorting block is
on the pair of pins, pin 3 is shorted
to ground. pin 4 connects to the coil
of a 5V reed relay. When set high,
pin 4 energizes the relay’s coil,
switching six volts to the terminator’s
nichrome coil which gets hot and
melts the load line between the 
balloon and parachute.

The programming header not
only allows the program in the
PICAXE to be updated, but also allows
access to data stored in PICAXE 
memory. On each mission, the
PICAXE records eight, one byte 
environmental records into memory.
By reviewing these records, the 
terminator’s program can be tweaked
for better performance. Here’s a table
of conditions that the PICAXE-08M

stores and their memory locations:

Condition Location
Air pressure at commit 0
Air temperature at commit 1
Time to tropopause 2
Air pressure at tropopause 3
Air temperature at tropopause      4
Time at cutdown 5
Air pressure at cutdown 6
Air temperature at cutdown 7

After powering up the termina-
tor, the PICAXE waits in a program
loop for pin 3 to go high (five volts).
The transition to five volts takes
place when the launch crew
removes the Commit tag which is
connected to a shorting block like
the one described above for the
camera timer.

After the tag is removed, the
PICAXE first dumps the data in its
first eight bytes of memory (use 
the PICAXE programmer’s terminal 
feature to read them). Next, the 
current air pressure and temperature
are recorded into memory. Since it
takes a few minutes to finish raising
the balloon before its release, the
PICAXE goes into a short wait loop
before it will begin monitoring the
time, temperature, and pressure.
Then, the PICAXE enters into a one
minute loop where the time is 
incremented and the pressure and
temperature are digitized and
recorded as needed.

Air pressure decreases with
increasing altitude, however, air 
temperature only decreases with
increasing altitude until the balloon
enters the stratosphere. Once in the
stratosphere, the air temperature
begins increasing with increasing 
altitude because of the ozone layer.
When the air temperature begins
increasing (which occurs between
40,000 and 50,000 feet), the PICAXE
records the elapsed time, the air 
pressure, and air temperature as the
time, pressure, and temperature of the
tropopause — the boundary between
the troposphere and stratosphere.

The one minute program loop
continues until the maximum time is
exceeded, the pressure begins to
increase, the air pressure reaches its
minimum value, or the air temperature
begins dropping after the balloon has
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■ FIGURE 7
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been detected entering the stratosphere. When it’s time to
cut the load line, the PICAXE records the final time, air tem-
perature, and air pressure into memory. It then fires the relay
for 10 seconds to melt the line before ending the program.

BUILDING THE PICAXE TERMINATOR
Like the camera timers above, the first components 

soldered to the PICAXE Terminator PCB should be the 
lowest lying components (that is, the resistors and diode).
Solder an eight pin socket to the PCB instead of the PICAXE
to protect it from damage. Use snappable headers for the
programming header and shorting pins. The components
sensitive to orientation are the diode, voltage regulator, 
regulating capacitor, LM335, SM5812, and ultimately, the
PICAXE. Be sure to double check their orientation before
soldering them into place. Since the circuit is housed inside
a Styrofoam box, the temperature sensor and power switch
must be mounted to cables in order for them to reach the
outside of the box.

The terminator’s nichrome coil mounts to the two holes
at the bottom left of the PCB with #2-56 hardware. Use a
three inch length of thin gauge nichrome wire for the coil
(my spool of nichrome wire is about 30 AWG). Wrap the
nichrome wire around a 3/16 inch diameter dowel to form
the coil (I use a jeweler’s screwdriver). The ends are curled
around the #2-56 bolts and firmly bolted to the PCB.

CONNECTING THE PICAXE
TERMINATOR TO THE NEAR
SPACECRAFT

Since I’ve not had a chance to test the PICAXE
Terminator in flight (only ground tests have been performed
to date), I haven’t finalized its mounting design. However, I
envision mounting the terminator to a sheet of Sintra 
plastic or thin modeling plywood. This mounting plate will
be large enough to hold the terminator PCB on one side
and two batteries, the logic battery (9V transistor battery),
and the nichrome heater battery (either a rechargeable or
camera battery) on the back. The logic battery will be a 
lithium 9V battery and the nichrome coil battery will be
either a 7.2V rechargeable lithium or a non-rechargeable 6V
lithium camera battery.

Attached to the mounting plate and directly in line with
the nichrome coil are two brass or aluminum tubes, with
one above the PCB and the other below. The load line runs
through these two tubes to align the load line with the
nichrome wire coil. The tubes prevent the load line from
pulling the coil out of shape or free of the PCB.

The bottom of the mounting plate attaches to the apex
of the recovery parachute with a split ring that’s also 
positioned in line with the nichrome coil. If the ring is not
mounted directly underneath the nichrome coil, then 
the load line will twist up around the nichrome coil as the
balloon rotates in relation to the parachute.

There are two things to note here. First, it’s the 

mounting plate that attaches to the parachute (via its split
ring) and not the terminator PCB. Second, the load line
from the balloon doesn’t tie to the mounting plate. The load
line from the balloon only passes through the terminator
and its mounting plate. Since the load line ties directly 
to the parachute apex, the PICAXE Terminator and its
mounting plate do not experience stress from the weight of
the near spacecraft.

To protect the batteries and nichrome coil from the
cold of near space, a two piece Styrofoam box (a front and
back face) will cover the mounting plate. The front face has
holes that the LM335 temperature sensor, power switch,
and Commit tag pass through. The box is held closed
around the mounting plate with rubber bands. Rubber
bands tolerate the cold and ultraviolet of near space well
while allowing the balloon crew to quickly and easily open
and close the box before the balloon is launched.

To make it easier for the launch crew, pass the load 
line through the PICAXE Terminator the night before and tie
it to the parachute apex. The code for the PICAXE
Terminator is also available for downloading on the Nuts &
Volts website.

Well, that’s all for this month. Next time is a report 
on the Spaceward Game that my girlfriend Rachel and I
attended. Until then,

Onwards and Upwards,
Your Near Space Guide NV
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COMPONENTS

Fast  –  Easy to Use

Floating Point Coprocessor

www.micromegacorp.com

Extensive floating point support, 
GPS input, FFT, 12-bit A/D, matrix 
operations, user-defined functions.

uM-FPU V3.1
32-bit IEEE 754

SPI or I2C
DIP-18, SOIC-18

Support for: BASIC Stamp®
PICmicro®, PICBASIC PRO™
 PICAXE®, ARMmite, OOPIC®

Atmel AVR®, WinAVR™, ...PLANS/KITS/
SCHEMATICS

CONNECTORS/WIRE/CABLE

CLASSIFIEDS

DEC EQUIPMENT
WANTED!!!

Digital Equipment Corp.
and compatibles.
Buy - Sell - Trade 

CALL KEYWAYS 937-847-2300
or email buyer@keyways.com

HARDWARE
WANTED

MISC FOR SALE

PUBLICATIONS

Easy CNC
CNC Book

G-code
Bit map draw programs
Bit map image converter
Bit map to G-code
CAD - machine drawings
CAM - DXF to G-code

http://www.cncintro.com

(208) 664-4115

Hayden, ID USA

SQUARESQUARE 1
ELECTRONICS

SOLAR PRODUCTS

LCDs/DISPLAYS
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Complete Selection of MIL-Spec Coax,
RF Connectors and Relays

UG-21B/U N Male for RG-213/214 .$5.00
UG-21D/U N Male for RG-213/214 .$3.25
N Connectors for 9913/Flexi4XL/9096
UG-21B/9913 .....$6.00 / Pins Only......$1.50
UG-21D/9913 ..$4.00 / Extra Gasket.$0.75
UG-176/U Reducer RG-59/8X, $0.25 

or 5/$1.00
UG-175/U Reducer RG-58/58A, $0.25 

or 5/$1.00

Silver Teflon PL-259/Gold Pin, $1.00 
or 10/$9.00

Call for Specials of the Month
Full Line of Audio Connectors for Icom,
Kenwood, and Yaesu
8 Pin Mike Female $2.50
8 Pin Mike Male Panel $2.50
13 Pin DIN for Kenwood   $2.75
8 Pin DIN for Icom $1.00
8 Pin DIN for Kenwood $1.50

Prices Do Not Include Shipping

Prices subject to change without notice.

Orders 800-783-2666
Info 301-840-5477
FAX 301-869-3680

The RF Connection
213 N. Frederick Ave., Ste. 11NV
Gaithersburg, MD USA 20877
http://www.therfc.com/
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SATELLITE

www.skyvision.com
www.icezapper.com

800-500-9275

Satellite Dish Parts

Ice Zapper TM

Melts Snow and Ice!

C-band  • Ku-band  •  4DTV  •  FTA

Simply attach to your existing dish -
works on metal dishes up to 1.2m!

MILITARY SURPLUS
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Looking for robots?
www.servomagazine.com

AMATEUR RADIO

ROBOTICS

CLASSIFIED ADVERTISING $50 Per Inch. Classified ads must be
paid in full prior to the closing date or the ad will be placed in the
following issue, at our discretion. Minimum charge is one inch with
half-inch increments. No proofs will be sent. Ads to be typeset by

Nuts & Volts must be received by the closing date. Supplied ads
must be received by the artwork due date. Call 951-371-8497 or
email classad@nutsvolts.com for closing dates, available sizes, and
special prepay discount offers. Color included in price.

MICROCONTROLLERS

Toll-free (USA & Canada):
1-877-963-8996

 tiny (1 by 1.4 in.), light-weight (0.5 oz.)
on-board 5V reg., crystal, & reset chip
choice of 8K or 32K EEPROM
 or 32K RAM + 32K EEPROM (64K version)
 SCI, SPI, Output Compare and Input

Capture channels, timer, pulse accumulator
 all 14 I/O lines and 2 interrupt lines

brought out to versatile 20-pin connector
program in BASIC, assembler, or C
easy code-loading with Docking Module
 Starter Packages:*

 8K EEPROM (#MS11SP8K).......$49
 32K EEPROM (#MS11SP32K)...$77
 32K EE/32K RAM (MS11SP64K)$90

MicroStamp11

* includes MicroStamp11, manual, PC soft-
ware (assemblers, SBASIC compiler,

MicroLoad utility, and sample programs),
serial cable, Docking Module, & accessories.

Visa • MasterCard • Discover • Amex

telemetry
microrobotics
smart toys
animatronics
model railroading
home automation

World’s Smallest 68HC11
Microcontroller Module!

www.technologicalarts.com

4 Titles
Beginner to Advanced

PIC  Microcontroller
Books

Table Of Contents
Ordering Info
On Web Site

http://www.sq-1.com

(208) 664-4115

Hayden, ID USA

DESIGN/ENG
SERVICES

PCB SOFTWARE

YOUR COMPLETE 
SOLUTION!

• PCB Design
• PCB Simulation
• CAD/CAM Menu
121747, Hobby Vers., $175
121743, Pro. Version, $275

www.KELVIN.com

EXCLUSIVE U.S. DISTRIBUTOR

BATTERIES

AUDIO/VIDEO

on my articles. Using LEDs for audio 
communications sounds like a neat thing to
do. I would be curious to see the circuit Mr.
Bennett used to do this, as I think this would
be a great project for my student s to 
attempt. I did experience some problems
with the blue LEDs that I need to investigate
later, so infrared, red, orange, yellow, and
green should work as the LED photometers
I wrote about in the column. Sometimes it
amazes me with what we can do with a
handful of parts from our junk box.

Onwards and Upwards, Paul

REFERENCE TO QUALITY

I’m writing to congratulate you and
Doug Malone for the excellent article,
“Build a 0.01% Accurate Voltage 
Reference,” which appeared in the Sep
‘07 issue of Nuts & Volts.

As a retired electrical engineer who
did analog circuit design at companies
such as Quantum and Western Digital, I
can readily appreciate the superb design
and clear description that Doug wrote for
your magazine, plus attention to detail
when laying out the board. This is evident
in the stress relief cuts he made in the
vicinity of the reference IC.

Not having any skills when it comes

to soldering surface mount parts, I ordered
two PCBs from Doug with the reference
IC installed. There was a small typo in 
the parts list, but an email to Doug
brought a prompt reply with the right 
part number.

When the boards arrived and the 
additional parts were installed, I was very
pleased to find that the output of the two
reference supplies differed by only 200
microvolts. A truly remarkable achieve-
ment considering the cost involved. Back
when I was doing analog circuit design,
it would have cost at least 20 times 
as much and required a temperature 
controlled oven to obtain similar results.

Phil Kenny

Continued from page 8
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Check ou t  our  new webs tore for  many more great  t i t les! !

ELECTRONICS

Electronics: A First Course
Second Edition 

by Owen Bishop
Electronics: First Course
starts with the basics of
electricity and component
types, and introduces
students to practical work
almost straightaway. No
prior knowledge of
electronics is assumed. The
second edition now has
additional applicability to BTEC First
Electronics from Edexcel with coverage of
fundamental topics required by students of
this qualification, as well as other essential
new topics that reflect recent technological
developments.$34.95

Troubleshooting and Repairing
Major Appliances: 2nd Edition

by Eric Kleinert
Now covering both
gas and electric
appliances, the
updated second
edition of
Troubleshooting and
Repairing Major
Appliances offers you
a complete guide to
the latest tools,
techniques, and parts
for troubleshooting
and repairing any appliance. Packed with
over 200 illustrations, the book includes
step-by-step procedures for testing and
replacing parts, instructions for reading
wiring diagrams, charts with troubleshoot-
ing solutions, advice on using tools and test
meters, safety techniques, and more.
$59.95*

Electronic Circuits —
Fundamentals & Applications:

Third Edition 
by Mike Tooley

In Electronic Circuits, Mike
Tooley provides all the
essential information
required to get to grips
with the fundamentals of
electronics, detailing the
underpinning knowledge
necessary to appreciate
the operation of a wide
range of electronic
circuits, including ampli-
fiers, logic circuits, power supplies, and
oscillators.The third edition now offers an
even more extensive range of topics, with
extended coverage of practical areas such
as circuit construction and fault finding, and
new topics including circuit simulation,
electronic CAD, and a brand new chapter
devoted to the PIC microcontroller.
$34.95

BestBest
SellerSeller

BestBest
SellerSeller

CD-ROMS

Encyclopedia of Electronic
Circuits, Volume 7

by Rudolf F. Graf / William Sheets
Publish Date: August 31, 1998

An extensive library
of 1,000 circuits from
the bestselling, seven-
volume Encyclopedia
of Electronic Circuits. A
virtual treasurehouse.
An invaluable reference
tool for every
hobbyist, technician,
student, and design
professional. $39.95

G R E A T  B O O K

The Nuts & Volts WEBSTORE

Build Your Own Electronics
Workshop 

By Thomas Petruzzellis

YOUR DREAM ELECTRONICS LAB
IS WAITING INSIDE!

This value-packed
resource provides
everything needed
to put together a
fully functioning
home electronics
workshop! From
finding space to
stocking it with
components to
putting the shop
into action — building, testing, and trou-
bleshooting systems — popular electronics
author Tom Petruzzellis’ Build Your Own
Electronics Workshop has it all!  And the best
part is, this book will save you money, big
time! $29.95*

Programming and Customizing
the PICAXE Microcontroller 

by David Lincoln
Here’s everything you
need to harness the
power of PICAXE,
the inexpensive yet
versatile chip that’s
taken the electronics
community by storm.
This beginner-friendly
guide from IT pro and
PICAXE expert David
Lincoln shows you
just what Revolution
Education's PICAXE can do — and helps
you make it do it! Packed with ready-to-
build projects for all the
flavors of PICAXE.  $39.95

Programming the PIC
Microcontroller with MBASIC

by Jack Smith
No microcontroller is
of any use without
software to make it
perform useful func-
tions.This compre-
hensive reference
focuses on designing
with Microchip’s mid-
range PIC line using
MBASIC, a powerful
but easy to learn pro-
gramming language. It
illustrates MBASIC’s abilities through a
series of design examples, beginning with
simple PIC-based projects and proceeding
through more advanced designs. $62.95*
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CALL 1-800-783-4624 today!
Or Order online @ www.nutsvolts.com

Garage Door Alarm Kit

Save yourself time and aggravation from lost or stolen items that mysteriously disappear from
your garage when — as we have all done — THE DOOR IS LEFT OPEN! With this small but

mighty kit  (inspired by one of our project writers, Garth O'Donald), the alarm lets you
know when your door is open and has an audible alarm when anyone enters the garage.

For more information, please check out your November 2007 issue
or go to our website @ www.nutsvolts.com

Subscriber’s Price $49.95 Non-Subscriber’s Price $57.45
Kit includes article reprint, complete instructions, parts list, and hole drilling templates.

PIC Microcontroller
Project Book

by John Iovine 
The PIC
microcontroller is
enormously popular
both in the US
and abroad.The
electronics hobbyist
market has become
more sophisticated.
This new edition is
fully updated and
revised to include
detailed directions on
using both versions of the microcontroller,
with no-nonsense recommendations on
which is better served in different situations.
$29.95

Hydrogen Powered Racer

With this kit, you now can see and feel
the future of energy generation in your

own hands! Recently named as one of the
Best Inventions of 2006 by Time Magazine,

the H-racer is now the best selling fuel
cell product in the world. For more

info, go to our online store at
www.nutsvolts.com. $115.00*

Magic Box Kit

As seen in

our April issue.

We received such great
reviews on this magic box

kit that we decided to
offer it in our store.

This unique DIY construction project blends electronics technology with carefully planned
handcraftsmanship. Its delightful innovation will surely amuse you. More importantly though,

it bewilders, baffles, and mystifies those observing this subtle magic trick.
Subscriber’s Price $39.95 Non-Subscriber’s Price $45.95 Both include an article reprint.

PROJECTS

Nixie Clock Kit

As seen in the
October 2006 issue

Nixie tube clocks fuse the spirit, drama, and eerie beauty of cold war technology
with modern inner works to create uncommon handcrafted timepieces.

This clock / kit was shown at the October 2007 MAKER Faire in Austin,TX
by Nut & Volts Magazine and was very well received as a novel way to show the

Nixie tubes. Plus, it’s a great kit for all levels of electronic experience.

For more information, please check out your October 2006 issue
or go to our website @ www.nutsvolts.com

Subscriber’s Price $124.95 Non-Subscriber’s Price $139.00 Both include an article reprint.

Solar Hydrogen Power
Generation Set

The Solar Hydrogen Generation Set
includes a solar cell, a PEM reversible fuel
cell, as well as oxygen and hydrogen gas

containers.The set only needs pure water
to create hydrogen and produce electricity.
Perfect for science labs, classroom use, or

demonstration purposes.
$67.00

NNEEW!W!

As seen in the
November 2007

issue

NNEEW!W!

?
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Energy Technology and
Directions for the Future

by John R. Fanchi 
Publish Date: January 26, 2004

This book is a survey of
energy sources that will
be available for use in the
21st century energy mix.
You will learn about the
history and science of
several energy sources,
as well as the technology
and social significance of
energy.The book include
geothermal energy, fossil
fuels, solar energy, nuclear energy,
alternate energy and society, energy
and the environment, sustainable
development, the hydrogen economy,
and energy forecasting. 72.95*

MUST HAVE
51 High-Tech Practical Jokes for

the Evil Genius 
by Brad Graham/Kathy McGowan
ENGAGE YOUR
WARPED SENSE OF
HUMOR WITH
HUNDREDS OF
PRACTICAL GAG
DEVICES YOU BUILD
YOURSELF!
Give your friends and
family the shock of
their lives! 51 High-
Tech Practical Jokes for
the Evil Genius has everything you need to
pull devastatingly funny (and safe!) technical
pranks. $24.95

Pocket Ref 
by Thomas J. Glover

This great little book
is a concise, all-pur-
pose reference fea-
turing hundreds of
tables, maps, formu-
las, constants, and
conversions.AND it
still fits in your shirt
pocket! Goes where
you go!  $12.95

The ULTIMATE Tesla Coil
Design and Construction Guide 

by Mitch Tilbury
Publish Date: September 21, 2007

The only book available
to cover the Tesla coil 
in so much detail.
The Ultimate Tesla 
Coil Design and
Construction Guide is a
one-stop reference cov-
ering the theory, design
tools, and techniques
necessary to create the Tesla coil using
modern materials. $32.95

New To Our Store

Alternative Energy Demystified
by Stan Gibilisco

Publish Date: October 23, 2006
The fast and easy
way to get up-to-
speed on alternative
energy. Because of
current events,
geopolitics, and
natural disasters,
the cost of fuel is
front and center in
our lives.This book
provides a concise
look at all forms of
energy, including fossil fuels, electric,
solar, biodiesel, nuclear, hydroelectric,
wind, and renewable fuel cells.You will
get explanations, definitions, and analysis
of each alternative energy source from a
technological point-of-view. $19.95

Solar Energy Projects for
the Evil Genius

by Gavin D. J. Harper

Let the sun shine 
on your evil side
— and have a
wicked amount of
fun on your way to
becoming a solar
energy master! In
Solar Energy Projects
for the Evil Genius,
high-tech guru
Gavin Harper gives
you everything you
need to build more than
50 thrilling solar energy projects.You'll
find complete, easy-to-follow plans, with
clear diagrams and schematics, so you
know exactly what’s involved before you
begin. $24.95

If you are an alternative energy
enthusiast, you’re going to 

love this shirt!

Going, Going, Gone Green!
Check it out in our Webstore!

www.nutvolts.com
$24.95*

The Complete Idiot’s Guide to
Solar Power for Your Home

by Dan Ramsey / David Hughes
Publish Date: May 2007

The perfect
source for solar
power — fully
illustrated.This
book helps read-
ers understand
the basics of solar
power and other
renewable energy
sources, explore
whether solar
power makes
sense for them,
what their options are, and what’s
involved with installing various on- and
off-grid systems. $18.95 

BestBest
SellerSeller

ALTERNATIVE ENERGY
SECTION
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>>> QUESTIONS
Anyone know a rule of thumb for

determining how much energy you can
pump into an LED without destroying
it? I've seen many specs on maximum
voltage, current, and duty cycle.
However, I’m trying to determine how
much current you can actually pump
into one in a short duration pulse
(around one microsecond) without
damaging the LED junction, and at
what maximum repetition rate. I've
heard of strobe applications where 10X
the maximum absolute current could
be pulsed without destroying the LED.
But what is the limit and how do you
determine it from the specs?
#1081 Tom Campbell

Austin,TX

Does anyone know of a circuit 
that can produce pulses at a constant
(but adjustable) duty cycle (around 3%
or less) from 20 Hz to 20 kHz? I have
seen many designs that can vary duty
cycle or frequency, but not both 
without one affecting the other. This is
for a strobe application.
#1082 Tom Campbell

Austin,TX

I am working on a bingo flash
board that will be shipped to Honduras.
It is the big board that everyone 
watches after the bingo numbers have

been called. It has 75 lighted 2" x 2"
segments that can be individually lit as
the numbers are called. I have the
bingo machine controller but it is old
and unfixable. What I need to do is
come up with a way to control the
lighted board. I am open to sugges-
tions. I thought about using a PIC and 
a digital input pad to input the number.
You could even use relays and 75
switches but having that many wires
may be a bit much. 
#1083 Charlie Brown

How can I extract music files 
(usually .wav or .mp3) embedded in
Microsoft Power Point files?
#1084 Steve Buu

Is there a way to export stock 
market data from the Internet (PC)
through USB or RS-232, to be displayed
on a homemade stock sticker? 
#1085 Steve Buu

Where is the current cursor 
position from the mouse stored in
Windows (PC) and how can it be
accessed? I want to externally control
the cursor in addition to the mouse. 
#1086 Steve Buu

Brushless motors are more 
powerful and efficient than the old
brush motors but are much more 
sensitive to overload/overcurrent. For
radio control and robot competition, I

This is a READER-TO-READER Column. 
All questions AND answers are submitted by Nuts & Volts readers and are intended to promote the exchange of ideas and provide assistance
for solving problems of a technical nature. Questions are subject to editing and will be published on a space available basis if deemed suitable
by the publisher. Answers are submitted by readers and NO GUARANTEES WHATSOEVER are made by the publisher. The implementation of
any answer printed in this column may require varying degrees of technical experience and should only be attempted by qualified individuals.
Always use common sense and good judgement!

All questions and answers should
be sent by email to forum@nuts
volts.com All diagrams should be 
computer generated and sent with your
submission as an attachment.

QUESTIONS
To be considered, all questions should relate
to one or more of the following:

❶ Circuit Design
❷ Electronic Theory
❸ Problem Solving
❹ Other Similar Topics

■ Be brief but include all pertinent informa-
tion. If no one knows what you're asking, you
won't get any response (and we probably
won't print it either).
■ Include your Name, Address, Phone Num-
ber, and email. Only your Name, City, and
State will be published with the question,
but we may need to contact you.
■ No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.
■ Selected questions will be printed one
time on a space available basis.
■ Questions are subject to editing.

ANSWERS
■ Include in the subject line of your email,
the question number that appears directly
below the question you are responding to.
■ Payment of $25.00 will be sent if your 
answer is printed. Be sure to include your
mailing address or we cannot send payment.
■ Only your Name, City, and State, will be
printed, unless you say otherwise. If you
want your email address included, indicate
to that effect.
■ Comments regarding answers printed in
this column may be printed in the Reader
Feedback section if space allows.

TECHFORUM
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want to get as much power as possible
without burning out the motor. In this
application, space is limited and there
is minimal air flow for cooling.

Is there a way to limit the 
maximum current allowed to the
motor, even if stalled (a virtual short
circuit), while still allowing throttle
control up to that limit? The smallest
motors run 10 amps continuous at 
7 to 12 volts and the big ones over 40
amps at 30 to 50 volts.
#1087 Dan Schwartz

Northbrook, IL

[#10074 - October 2007]
I have been using the serial port of

my PC and languages such as 
assembly, C++, Java, and VB to 
communicate with custom designed
circuits. Nowadays, all PCs have
replaced the serial port with multiple
USB ports. I want to migrate my appli-
cations but have found working with
USB rather difficult. Could someone
please suggest a way to send/receive a
simple 1-0 digital signal using any pro-
gramming language (preferably Java)?

I'm assuming that your current
Java implementation uses the javax.
comm package to communicate with
the serial port. If this is the case, by far
the easiest way to adapt your projects
for use with computers which have no
serial port is to use a USB-to-serial 
converter. These are available from
many sources on the web for under
$20 and are very easy to use. See
http://sewelldirect.com/usbtoserial.
asp for a specific example. If you'd
rather have something that can be
built into your project, take a look 
at www.pololu.com/products/pololu
/0391/

Tom Dimock
Ithaca, NY

[#11072 - November 2007]
My mother has Alzheimer’s and is

unable to operate her television 
anymore. We had a very simple remote
with about six large buttons which she
could use. That TV broke and our new
37 inch LCD is a good size for her, 
but the remote has about 40 tiny 

buttons which she can’t see or 
remember which ones to press. 

The functions she needs are TV
off/on, volume and channel up/down.
I want to build a simple remote with
giant buttons that are perceptually dif-
ferent for each of these two-dimensional
control functions in hopes that she will
intuitively feel the difference.

#1 I think I have found the perfect
remote for Stan's mother to use. The
TV remote that he described in his
question reminded me of one that we

had purchased for our kids to use. It is
called the "weemote." When I visited
the manufacturer's website to provide
Stan with the information, I found that
they now make an adult version called
the "weemote Sr. TV remote for
adults." More information can be
found at www.weemote.com.

Greg Cloutier
South Windsor, CT

#2 If you go to www.tauntek.com,
check out two chips: one called
IRMimic and another called IRMimic2.
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[#10075 - October 2007]
I have an irrigation system with a

six zone controller. It has only four
wires plus a ground going to it and
the valve box. It would be impossible
to run new or additional wire as the
wiring goes under a concrete floor. 

Four zones are being used. I
recently added a fifth battery-
operated zone, but it’s a problem as
the batteries tend to wear out. I want
to use the controller for timing zone
five and would appreciate a circuit
that could do this.

Let's take a simple, low-tech
approach to the problem. The zone
outputs are all AC. By using only the
positive half-cycles from one zone
and only the negative half-cycles of
the next, we can have two zones
share one control wire. We will 
use the common ground as one 
conductor (which will remain
grounded), and use one conductor
for unswitched 28 VAC. This leaves
three conductors for control, which
allows you to use all six zones.

Referring to the diagram, here's

how it works. When zone 1 is active,
28 VAC is rectified by D3 so only
positive half-cycles are sent down the
control wire.  Out at the valve end,
D1 allows the positive half-cycles to
charge C1 through R1. C1 keeps the
12 volt DC relay from chattering 
due to half-cycles being applied to it.
R1 drops the voltage down to
approximately 12 volts. Since D2 is
reverse-biased, RLY2 is not pulled in.
The same thing happens when zone
2 is active, only this time we are
sending negative half-cycles down
the control wire to pull in RLY2. 

The drawing shows the circuit
for two zones. By duplicating the 
circuit two more times, you will have
six zones available. All circuits 
share the same ground and 28 VAC
conductors.

The typical RadioShack part 
numbers are:
C1, C2: 272-1015
D1 - D4: 276-1003 
R1, R2: 271-1118
RLY1, RLY2: 275-248  

Rick Curl
Pinson,AL 

Figure 1

>>> ANSWERS
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These chips can memorize commands
from your existing remote, for playing
back under control of your own switch-
es. With IRMimic2, you can record 
several commands and then play them
back in sequence as a macro, all in
response to one button press.

Bob Grieb
Medford, NJ

[#11073 - November 2007]
In the past several years, it has

become harder and takes greater 
pressure to make contact with most of
the rubberized keys on our TV remote. 

Inside, I've noticed a slimy film 
covering the circuit board and 
keys. I've cleaned everything with 
contact cleaner. It worked for several
months, then, the same old problem 
re-appeared. 

#1 I also have seen the problem
with remote controls and some two-
way radios that use pressure type
switches. The carbon impregnated
rubber either becomes contaminated
or wears away over time.

A solution that I have found is to
buy some adhesive backed foil. Craft
stores and home centers carry metal
tapes that should work. I have a few
rolls of tape that I got from
RadioShack years ago that were used
on audio tapes.

Take either a handheld hole
punch or a hobby knife and cut the
foil to fit over the carbon part of the
rubber buttons, where they depress
against the PC board inside of the
remote control. Carefully place 
the adhesive foil over the old rubber,
trimming it to fit neatly and reassem-
ble the remote. 

Whenever you press one of the
buttons, the foil will make contact with
the PC board instead of the less or
non-conducting carbon coating. The
foil will make good, long lasting 
contacts that should be much less
prone to contamination or wear.

E. Kirk Ellis, KI4RK
Pikeville, NC

#2 I have successfully cleaned
dozens of remote controls using 
the following method. This is a 
long-term solution if the carbon pads

are not worn out.
Carefully pry apart the remote

control; some may have screws 
holding it together. Place the pad in a
tall microwave safe drinking glass.
Cover the pad with water to one inch
above the pad. Add one teaspoon of
table salt. Place in a microwave oven
and microwave on high power for
three or four minutes. Remove it from
the oven and add a squirt of liquid
dishwashing soap. Stir well, remove
the pad, and carefully scrub it with a
toothbrush. Also, clean the remote
control top cover, inside and out.
Rinse well and allow to dry. To clean
the circuit board, I use Rawn 
contact/degreaser part #1118 (avail-
able from MCM; order #20-2005).
Use a paper towel saturated with this
and wipe the board and keypad.

You may also use denatured 
alcohol, but be careful not to get any
on the plastic case.

Norman Nollett 
Valentine, NE

#3 The slimy build-up on the PC
board can be all or just part of the

problem. In our shop, we clean the
rubber buttons with dish soap and
warm water. Clean the board contacts
with 90% alcohol. If that works well
and excess pressure isn't needed to
operate, return it to service and 
consider some form of plastic bag,
wrap, or other protection to keep it
from the drink spills that no one will
ever admit to. If the excess pressure or
no operation still persists, apply 
conductive coating to the bottom 
of the rubber key pads. (Caig Caikote
44 #K-CK44-G, MCM #200-315 or
Chemtronics Rubber Keypad Repair
Kit #CW2605; MCM #20-3890.)

Ivan Strong
Des Moines, IA

#4 Make sure the contact cleaner
you're using is of the fast dry, 
non-residue type (non-lubricating).
"The slimy film" may be left over from
the contact cleaner and will attract dirt
to the contact pads. Isopropanol 
alcohol can also be used to clean
these type of contacts.

Bob Lindstrom
Broomfield, CO
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This month’s spotlight is on
Jaycar Electronics, a mail order
business offering a wide variety

of electronic equipment with 
company stores located throughout
Australia and New Zealand. They also
maintain a manufacturer’s rep/distrib-
utor business for semiconductors and
other electronic components in
those countries and additionally in
Singapore, India, and elsewhere. A
Mr. Jock Carr founded the company
in 1950. Mr. Carr died in 1962 and
Gary Johnston purchased the firm
which had all but ceased to function
in 1980. He revived the business to
the point where it presently has
approximately 650 staff members
and over 50 company owned stores
(not franchises).

Gary is the sole owner of the 
business. He began operating Jaycar
when he was 30 and is now 57 years
old. Prior to owning and operating
Jaycar, he worked for a company
called Dick Smith Electronics. They
are an Australian firm that tried to
enter into the American marketplace
in the early 1980’s, but they did not 
succeed. He left that organization
before that occurred.

The main office and warehouse of
Jaycar occupies 70,000 square feet.
They are moving later this year to a
200,000 square foot facility.

When interviewed for this column
recently, he replied to our questions in
this manner:

Marvin: Please describe the nature of
your business and how it operates.
Gary: As a business, the closest
thing in United States terms you
could compare us to is a hybrid of
RadioShack and Jameco. We also
do a large range of do-it-yourself

kits so we are a bit like Ramsey,
as well. We do not sell brand-name
products at all. We generally either
make kits up ourselves or source
goods from overseas suppliers; 
generally Asia.

M: How many different products do
you offer, either at your company
stores or on the Internet?
G: On that subject, we generally
release about 1,000 new products
every year on a range of 8,000. We
discontinue about 500 products a
year so our range is growing overall.
Naturally, we would like a smaller
number of products to manage, but it
just does not seem to work out that
way. As we indicate on our website,
we do not skimp on quality with our
kits. We supply 1% metal film resistors
in lieu of 5% carbon ones. We use
high quality MKT style plastic 
capacitors and IC sockets, where
appropriate. Our kit production
department is audited under the
ISO9001:2000 Quality System, an
International benchmark. Jaycar sells
kits all over the world these days. We
cannot afford to let someone down
whether they are in Birmingham,
England or Birmingham, Alabama. The
kit that a customer receives in
Melbourne, Florida, is the same as 
the one delivered to a customer in
Melbourne, Australia. We source 
projects from all over the world.

M: How much business do you do
annually?
G: We are not a publicly traded 
company and we tend to keep 
financial details to ourselves, but in US
dollars, our ballpark retail turnover is
about $70 million. That’s pretty big 
by Australian standards, but nothing

compared to RadioShack! We require
a minimum order of $15 USD for 
our American customers. Other 
minimums apply for other countries.
Shipping charges are a function 
of order value, distance, and method
of shipping.

M: Care to comment on any problems
you have selling your products in an
American market?
G: We have been producing a US 
dollar version of our catalog for some
years now. While we have had some
success marketing to enthusiasts in
the USA, I think that Americans have a
perception problem with “down
under.” I feel that many Americans
just don’t see Australia as a source of
technical products. Heck, we make
half the world’s heart pacemakers
down here, for example. We also
make about 25 percent of the world’s
slot machines — and the really 
electronic ones at that.

M: Finally, how can our readers get
information about your product line
and place orders?
G: We have a 400+ page US catalog
that is free to any US or Canadian 
customer. They only have to contact
us at www.jaycar.com.au. We have
been around for over 50 years, and
welcome any customer who holidays
down under to pay us a visit. There is
a reason why we are so big down here
and we would love to prove our worth
to US enthusiasts.  NV

by Marvin Mallon

An Interview with Gary Johnston
Managing Director, Jaycar Electronics

JAYCAR ELECTRONICS
Tel: 800-784-0263

Email:
techstore@jaycarelectronics.com

Web: www.jaycar.com.au
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•Ceramic heating element for more
accurate  temp control

•Temp control knob in F(392° to 896°) &
C(200° to 489°)

•3-prong grounded power cord/static safe tip
•Seperate heavy duty iron stand
•Replaceable iron/easy disconnect
•Extra tips etc. shown at web site

Item #
CSI-STCSI-STAATION1ATION1A

Triple Output Bench Power SuppliesTriple Output Bench Power Supplies

with Large LCD Displayswith Large LCD Displays

•Output: 0-30VDC x 2 @ 3 or 5 Amps
& 1ea. fixed output @ 5VDC@3A
•Source Effect: 5x10-4=2mV
•Load Effect: 5x10-4=2mV
•Ripple Coefficient: <250uV
•Stepped Current: 30mA +/- 1mA
•Input Voltage: 110VAC 

Dual OutputDual Output DC Bench Power Supplies DC Bench Power Supplies 

Circuit Specialists Soldering StationCircuit Specialists Soldering Station
w/Ceramic Element &w/Ceramic Element &
Seperate Solder StandSeperate Solder Stand

Rapid Heat Up!Rapid Heat Up!

$34.95!$34.95!

$49.95$49.95

AlsoAlso Available w/Digital DisplayAvailable w/Digital Display

& MicroProcessor Controller& MicroProcessor Controller
SMD Hot TweezerSMD Hot Tweezer
Adaptor FiAdaptor Fits ts CSICSI
Stations 1AStations 1A & & 2A2A,,
and and CSI906CSI906

1-4: $105.95$105.95 5+: $99.50$99.50

As Low As Low AsAs
$99.50!$99.50!

HOTHOT

ITEM!ITEM!

High stability digital read-out bench power supplies
featuring constant voltage and current outputs. Short-
circuit  and current limiting protection is provided. SMT
PC boards and a built-in cooling fan help ensure reli-
able performance and long life.

•Source Effect: 5x10-4=2mV
•Load Effect: 5x10-4=2mV
•Ripple Coefficient:: <250uV
•Stepped Current: 30mA +/- 1mA

1-4: $1$114.9514.95 5+: $109.00$109.00CSI5003X5CSI5003X5:  0-50v/0-3amp

1-4: $1$119.0019.00 5+: $1$114.0014.00CSI3005X5CSI3005X5:  0-30v/0-5amp

CCCiii rrrcccuuuiiittt     SSSpppeeeccciiiaaalll iiissstttsss,,, IIInnnccc... 222222000    SSS... CCCooouuunnntttrrr yyy    CCCllluuubbb    DDDrrr... ,,, MMMeeesssaaa,,, AAAZZZ    888555222111000
888000000--555222888--111444111777    ///     444888000--444666444--222444888555    ///     FFFAAAXXX::: 444888000--444666444--555888222444

Item #
CSI-STCSI-STAATION2ATION2A Item #

CSITWZ-STCSITWZ-STAATIONTION

$29.00$29.00

CSI3003X3CSI3003X3:    0-30VDCx2 @3A $188.00$188.00 5+: $183.00$183.00

CSI3005XIIICSI3005XIII:   0-30VDCx2 @5A $249.00$249.00 5+: $234.00$234.00

*All 3 Models have a *All 3 Models have a 1A/5VDC Fixed Output1A/5VDC Fixed Output on the rear pon the rear panel*anel*

Our Premium All in One Repairing SystemOur Premium All in One Repairing System

Programmable DC Power SuppliesProgrammable DC Power Supplies

20MHz 2Ch Analog Oscilloscope20MHz 2Ch Analog Oscilloscope
w/Component Testerw/Component Tester

The CSI 3600 Series

Programmable DC Power

Supplies are equipped with a

back-lit LCD display, number

keypad and a rotary code

switch for ease of use & quick

programming. Voltage, Current & Power can all be displayed on the LCD

or computer screen (with optional RS-232 interface module). It can be

operated at constant current mode, constant voltage mode & constant

power mode. It also can be set with maximum limits for current & power

output.  Ideal instruments for scientific research, educational labs or any

application requiring a sophisticated DC-power source.

Model CSI3644A CSI3645A CSI3646A

DC Voltage 0-18V 0-36V 0-72V

DC Current 5A 3A 1.5A

Power (max) 90W 108W 108W

OnlyOnly

$199.00$199.00

Each!Each!

•2 channels 2 traces 
•20MHz Bandwidth 
•TV video sync filter 
•Component test function
•Sensitivity: 5mV-20V/div
•Sweep Time: 0.2us-0.5s/div
•Bandwidth: DC: DC-20MHz / AC: 10Hz-20MHz 
•Vertical Deflection Operating Mode: CH A, CH B,
DUAL, ADD

PROTEK 3502C: PROTEK 3502C: $359.00$359.00 Now Only Now Only $269.00$269.00

CSI3003X-5CSI3003X-5: 0-30v/0-3amp

>>    Soldering & Rework >>    Soldering Stations

•All in One system. Combines the function of a Hot Air Gun, a Soldering Iron and
a Desoldering Gun.

•Microprocessor controlled ESD safe unit. All digital display of hot air temperature,
soldering iron temperature, desoldering gun 
temperature and air pressure with touch type
panel controls.

•The desoldering tool comes with zero crossing 
circuitry preventing electrical surges and is
equipped with air cylinder type strong suction 
vacuum pump.

•The 24V soldering iron is compatible with the compound tip design by connecting the
ceramic heater, sensor, control unit and tip as one. Designed for efficiency.
Replacement of tips with easy slip in/out method.

•Compatible with various type of air nozzles.
•Compatible with different kinds of tips.
•Full compliment of nozzles & tips are available.
•Use with lead-free or standard solder.

Item#
CSI-9000CSI-9000

OnlyOnly

$249.00$249.00

ESD Safe CPU Controlled SMD ESD Safe CPU Controlled SMD 
Hot Air Rework StationHot Air Rework Station

The heater and air control system are built-in and
adjusted by the simple touch of the front keypad
for precise settings.
Temperature range is
from 100°C to 480°C /
212°F to 896°F, and
the entire unit will
enter a temperature
drop state after 15
minutes of non-use for
safety and to eliminate
excessive wear. 

•CPU Controlled 
•Built-in Vacuum System
•Temperature Range:100°C to 480°C / 212°F to 896°F
•15-Minute Stand-By temperature "sleep" mode
•Power:110/120 VAC, 320 W maximum

Item# 
CSI825A++CSI825A++

SaleSale
$149.00!$149.00!

Details at Web SiteDetails at Web Site

Details at Web SiteDetails at Web Site

Details at Web SiteDetails at Web Site

>>    Power Supplies >>    Bench Power Supplies

>>    Power Supplies >>    Bench Power Supplies>>    Power Supplies >>    Bench Power Supplies

>>    Soldering & Rework >>    Hot Air Rework

Details at Web SiteDetails at Web SiteDetails at Web SiteDetails at Web Site

Details at Web SiteDetails at Web Site

>>    Test Equipment >>    OscilloscopesDetails at Web SiteDetails at Web Site

wwwwwwwww...CCCiiirrrcccuuuiiitttSSSpppeeeccciiiaaalll iiissstttsss...cccooommm

>>    Soldering & Rework >>    Hot Air Rework

FREEFREE CSI486
Smoke Filter (a $27.99 value)

with the purchase of a

CSI-9000CSI-9000

IInn    BBuussiinneessss

SSiinnccee    11997711

Blow Out PriceBlow Out Price
Limted to Limted to 

Stock on Hand!Stock on Hand!
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Digital Storage Oscilloscope ModuleDigital Storage Oscilloscope Module

PC based DigitPC based Digital Sal Storagetorage

Oscilloscope, 200MHz 5GS/sOscilloscope, 200MHz 5GS/s

equivequiv. sampling USB interface. sampling USB interface

Convert any PC with USB interface to a high
performance Digital Storage Oscilloscope. This
is a sophisticated PC basedscope adaptor pro-
viding performance compatible to mid/high
level stand alone products costing much more!
Comes with two probes. 

DetaiDetai ls & Sls & Softwoftwararee
Download at WDownload at Web Sieb Sitete

>>    Test Equipment >>    Oscilloscopes

Item# 200DSO200DSO Only$819.00$819.00

PricePrice
Breakthrough!Breakthrough!

Sirocco SMD Rework UnitSirocco SMD Rework Unit
The CSI-6028 is a small yet
powerful rework system. The
Sirocco style fan induces
seamless airflow thru the heat-
ing element providing convec-
tion style heating, and this
non-pressurized air stream
works perfectly for reworking
highly sensitive IC packages
such as BGA, QSP, SOP and
plastic based SMD devices.

DetaiDetails at Wls at Web Sieb Sitete

Stepper MotorsStepper Motors
Part #: Motor Frame

Size:
Holding Torque: Price:

42BYGH404 NEMA 17 3.4kg.cm/47oz.in $17.95

57BYGH207 NEMA 23 8kg.cm/111oz.in $24.95

57BYGH303 NEMA 23 15kg.cm/208oz.in $29.95

57BYGH405 NEMA 23 20kg.cm/277oz.in $34.95

85BYGH350B-03 NEMA 34 48kg.in/665oz.in $79.95

85BYGH350C-03 NEMA 34 63kg.cm/874oz.in $119.95

Part #: Dimensions: MicroStep: Price:

XCW220 100mm x 61mm 
x 19mm

1(200), 1/2(400), 1/4(800),

1/8(1600)
$39.95

CW220 99mm x 65mm 
x 30mm

1/2(400), 1/8(1600) $49.95

CW230 115mm x 72mm 
x 32mm

1(200), 1/2(400), 1/4(800),

1/8(1600), 1/16(3200),

1/32(6400), 1/64(12800)

$59.95

CW250 140mm x 94mm 
x 45mm

1(200), 1/2(400),  1/8(1600) $69.95

CW860 147mm x 97mm 
x 30mm

1(200), 1/2(400), 1/4(800),

1/8(1600), 1/16(3200),

1/32(6400), 1/64(12800),

128(25600), 1/5(1000),

1/10(2000), 1/25(5000),

1/50(10000), 1/125(25000),

1/250(50000)

$119.95

Stepper Motor Controllers:Stepper Motor Controllers: 2 Phase Microstepping2 Phase Microstepping

Stepper Motor Driver (Bi-polar & Unipolar Motors)Stepper Motor Driver (Bi-polar & Unipolar Motors)

•Electrostatic discharge safe
design with grounding measure  

•Tweezers directly applies heat
to components being repaired
while avoiding nearby 
components    

•Suitable for crowded circuit
boards 

•24V output voltage to ensure
safety of user and protect soldered components on board

Item# CSI-950+CSI-950+

>>    Soldering & Rework >>    Hot Air Rework 

Soldering Station w/Iron & Soldering Station w/Iron & 
SMD Hot TweezersSMD Hot Tweezers

3-1/2 Digit LCD Panel Meter 3-1/2 Digit LCD Panel Meter 
(enhanced version)(enhanced version)

>>    Soldering & Rework >>    Soldering Stations

>>    Panel Meters >>    Digital LCD Display

$94.50 $94.50 

$59.00$59.00DetaiDetails at Wls at Web Sieb Sitete

DetaiDetails at Wls at Web Sieb Sitete

The PM-128E is an enhanced version of
our best selling PM-128A. The E version
can be set to work with either a 5VDC or
9VDC power source, will perform with
either a common ground or an isoalted
ground, and is supplied with easy to use
jumper points so the end user can easily
set the measurement range required. Item#

PM-128EPM-128E
$12.25$12.25
QuantityQuantity

Price BreaksPrice Breaks
at website!at website!

mCU Controlled True RMSmCU Controlled True RMS
High Accuracy DMMHigh Accuracy DMM

The CSI2205D Micro Control Unit auto-ranging DMM is

UL Listed and designed for measuring resistance,

capacitance, DC & True RMS AC voltage, DC &

True RMS AC current, frequency, duty cycle and

temperature, along with the ability to test diodes,

transistors and continuity. A special feature included

is the Auto Test Lead Input Indication Technology.

This will ensure that whenever you switch functions

on the DMM, the proper positive port LED will light

indicating where to plug the red test lead into so

that no mistakes can be made by the user. It even

goes so far as to give a warning tone if you do plug

the lead into the incorrect jack! A very helpful fea-

ture for the novice and even for the experienced

user who is using the meter in less then ideal light-

ing conditions. Overall, we find this to be a meter

that compares very favorably with much higher

priced competitors on the market today! 

NEW  !NEW  !

>>    Test Equipment >>    Digital Multimeters

DetaiDetails at Wls at Web Sieb Sitete

Item # CSI-6028CSI-6028

Item # CSI2205DCSI2205D

OnlyOnly
$59.00$59.00

PowerSupply1PowerSupply1 Switching Power SuppliesSwitching Power Supplies

These Highly Reliable PS1 Series, uni-
versal AC input/full range single output
power supplies comply with the RoHS
directive. Choose between various 25,
40, 60, 100 & 150 Watt versions. They
have the approval of UL and CE and
come 100% full load burn-in tested and
with overload/over and voltage/short cir-
cuit protection. Also included is a 2 year
manufacturer’s warranty. 

PowerSupply1PowerSupply1 Qty 1 Qty 10 Qty 100

25W Series
Available in

3.3,5,12,15,24,48V
$14.90 $12.60 $10.78

40W Series
Available in

5,12,15,24,48V
$22.50 $18.80 $15.89

60W Series
Available in

5,12,15,24,48V
$26.88 $21.92 $18.25

100W Series
Available in

3.3,5,7.5,12,15,24,48V
$32.80 $26.49 $22.50

150W Series
Available in

5,7.5,9,12,24,28,36V
$40.75 $33.70 $27.90

NEW  25W  Series  Added!NEW  25W  Series  Added!
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